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COLLECTING CULTIVATED POTATOES IN SOUTH 
AMERICA FOR POTATO BREEDING!) 


H. J. TOXOPEUS 
Institute of Agricultural Plant Breeding, Wageningen 
Received 9 April 1956 


Peru was visited during February and March 1955 with a view to collecting culti- 
vated potato varieties from the Andean region. 

Since the imports in the 16th and 17th century in Europe, the species Solanum 
tuberosum has developed from a small part of the highly variable population of the 
cultivated potatoes that occur in the Cordilleras de los Andes in Columbia from 5°N 
to about 40°S in Chili. These cultivated potatoes have 24, 36, 48 or 60 chromosomes 
somatically and as every variety of Solanum tuberosum investigated has 2 n — 48, 
this species must have developed from 48-chromosome material, consequently from 
the group of varieties that is given the name Solanum andigenum. 

As this very variable species occurs over the whole range of cultivated potatoes in 
South America and Solanum tuberosum can only be derived from a restricted number 
of imports, the latter species can comprise but a small part of the diversity display- 
ed by the South American mother species. 

Therefore many reasonable requirements with regard to our potato varieties pos- 
sibly can be satisfied by using this rich source of genes in the Cordilleras de los Andes. 

A fine example of the use that can be made of this material for the potato-breeding 
is the resistance to the potato root eelworm, discovered in some very few cultivated 

varieties of Solanum andigenum; a great part of the breeding programme in the 
Netherlands is now based on this material. 

More such discoveries would be very welcome. For this purpose one has to bring 
together a large living collection of South American species and varieties which 
should be tested for many characters. 

With the invaluable aid of the Peruvian Ministry of Agriculture 220 samples were 
collected personally in Peru. On our behalf the Peruvian potato-expert ing. C. OCHOA 
collected in Northern Bolivia and in addition he placed at our disposal 350 clones of 
cultivated potatoes out of his private collection. Besides PROF. H. BRÜCHER from the 
University of Mendoza collected in Northern Argentine and Southern Bolivia. 

1) Summary of a lecture read at the meeting of the Study Circle of Plant Breeding, Wageningen 
(Transactions 1955: 639-644). 
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As a consequence of these activities the collection at Wageningen now comprises 
around 1,000 samples of which a small number may be duplicated. 

In preparing the journey some decisions had to be made. First it was considered 
whether one should concentrate on wild or on cultivated material and secondly 
whether seeds or tubers should be collected. 

Suppose a valuable character is encountered, then the material wild or cultivated 
had to be crossed with Solanum tuberosum to combine it with all those properties 
wanted in a commercial potato. If the character occurs in a wild species this recom- 
bining is far more difficult than in the case when it is found in cultivated material. 

Furthermore genes are not so much restricted to certain species as to certain areas; 
within such an area the genes occur in many species. E.g. the R-genes for resistance to 
Phytophthora infestans occur in many wild species eridemic in Mexico and do not 
occur in South America. The gene H for resistance to the potato root eelworm has 
been encountered in Solanum andigenum in Southern Peru, Bolivia and Northern 
Argentine and may be present in several resistant wild species found in the two latter 
regions. It has not been found in Central and Northern Peru, Ecuador and Columbia 
though a large number of samples from these regions has been tested by ELLENBY. 

The choice tubers or seed was very easy, as tubers can be collected from the time 
of flowering on, while berries that are sufficiently ripe can be harvested only during 
a very short period of time. Besides there are many clones that do not flower at all 
or, if they do, make no berries. 

From a theoretical point of view also tubers are to be preferred. A plant grown 
from a tuber does contain all the genes of the mother plant and one has to raise many 
seedlings in order not to loose too much of the genetical potency of the parent, the 
more so as the cultivated potatoes are normally very heterozygous. 

In this connection it should be realized that the collection has to be searched for all 
sorts of useful characters for future breeding work. When tubers are collected, only 
one plant per sample needs to be studied, whereas in the case of seed it is necessary 
to study many seedlings, lest important characters should be overlooked. As this 
search will be an arduous and time-consuming task it is of prime importance to con- 
centrate as many genes in as small a number of plants as possible. 

As the study of the properties of the material will take many years the consequence 
of the above considerations is that the collection has to be planted out in full for 
several consecutive years. As many samples contain some virus it has to be main- 
tained well isolated and planted in a glasshouse that is fumigated intensively and at 
regular intervals. 

Once decided that tubers had to be collected, the question arose how many tubers 
per sample should be taken and how they should be transported. The decision was 
taken on the basis of what could be done with the material in Holland in the summer 
of 1955 and the cost of sending the samples by air. 

When collecting in the field three tubers with a diameter of about 25 mm or two 
somewhat larger ones were taken from each plant. If, however, the material was 
collected at a market, only one tuber was taken as there was no guarantee that a 
similar one belonged to the same variety. 

The tubers were sent to Holland by air with the Royal Dutch Airlines (K.L.M.). 
Some of the tubers collected in Peru and nearly all the samples from BRÜCHER 
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arrived in April and most of the tubers sprouted in June and July. This material has 
been planted out and studies of the quality of the starch and of the resistance to 
Heterodera rostochiensis have been made. 

From each sample of two or three tubers a very small quantity of starch was made, 
which was used to study the ratio amylose-amylopectine and to determine the P,Os 
content as a measure for the viscosity. Two plants were grown for testing the resistance 
to Heterodera rostochiensis and two for planting in pots to get tubers for the mainte- 
nance of the collection. In addition one or two grafts were made on tomato-stock for 
making crosses. 

In August and during the first half of September many plants were successfully 
crossed to varieties of Solanum tuberosum. 

The tubers arriving later in the season have been kept in storage at 2°C for planting 
in 1956. 


A working programme is to be set up for further investigations of the collection 
and the question arises which characters should be studied first. The following points 
should be considered: 

Ll. what kind of improvements we want and possibly can be obtained; 

2. what is the order of importance with regard to these improvements; 

3. which are the means and methods at our disposal and particularly how much time, 
work and money have to be spent for the study of each separate character. 

Below a survey is given of characters to be considered for investigation and of the 
material required for the study. 


Characters Material required 

ResistancenordelenodenamkostochieHsIs ne cuttings, sprouts 

5 Ofmthetoliagetonehviophihoronmn leaves, cuttings 

55 ofthertbers LOP Op INOVON tubers 

En COMET N tT NO t cuttings or seedlings 

5 CONUUSNS tari NNELIES EEN cuttings 

5 tordoloradoibestle WREE Ee eN DE A EAR leaves 

DA LONWAL EI SCHSCN BEM EL rk Ber B A EN tubers 

a TONEUSALLUDNCOCTULCUN EEN eee eeen 5 


5 LONCOMIMO AESCHON EEE dE 
Dr BONE Nd at oen nn ene RO NK 
MISCOSIUvAC MN eISTAT CAREN VD ON AT TE ee A a 
Rat OfamvlOse-dMVlOPEctineR NE 2 
Shaperandssizesofitherstarchieralnsanmnn ne 55 
POLEN GONE erna EE EENES ONE ns 
Natamine-@contennfsDanen ee A ne Sa Nt 


A very important point in the study of the value of the material collected is the 
fact, that the overwhelming majority of samples show a pronounced short-day re- 
action. Tuber formation starts but very late in the season in the course of September. 
Therefore if a valuable character is found in some clone, it has to be crossed to a series 
of potato varieties in order to get seedlings that start tuber formation in the course of 
June as is normal for Solanum tuberosum. Available data show that among the F,- 
seedlings, plants with early tuber formation do occur. 
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The short-day reaction of the collection is a serious drawback for the study of 
tuber characters, as the tubers formed in September are not fully ripe at the time one 
has to harvest, in the course of November. For that reason cultivation of the whole 
collection under short-day conditions in a glasshouse is planned in order to get well- 
developed and fully-ripe tubers in the course of August or September. 

A most important character is the production capacity. This property cannot be 
determined directly as a consequence of the pronounced short-day reaction. Therefore 
itis planned to evaluate this character by crossing with varieties of Solanum tuberosum. 

If the short-day reaction is more or less recessive, we may expect in the F, generation 
of these crosses a greater or lesser number of seedlings that make tubers at a normal 
time. In that case some impression of the presence of genes promoting production 
can already be gained. If not, the F, plants have to be crossed once more with a 
variety of S. tuberosum and to avoid inbreeding with a different one from the first. 
This method comes down to a search for excellent cross-combinations. 
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IMPROVEMENT OF THE CHERRY VARIETIES USED 
IN THE NETHERLANDS 


C.J. GERRITSEN 
Institute of Horticultural Plant Breeding, Wageningen, Netherlands 
Received 28 Jan. 1956 
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INTRODUCTION 


The cherry is a fairly important fruit crop in the Netherlands. As regards its acreage 
it ranks third with 4321 ha (1953) i.e. 7 % of the total fruit area (apple 66 %, pear 21 %, 
plum 6 %). From 1950 to 1953 arrivals at the auctions averaged 16.7 million kg with 
a value of 7,850,000— guilders i.e. respectively 3.7 and 8.5 % of the total of the 
4 fruit crops (apple 63.4 and 59.9 %, pear 27.1 and 25.8 %, plum 5.8 and 5.8 %). 

Nowadays it appears that the cherry industry is on the decline: many cherries are 
being grubbed and very few planted. This tendency, which started before 1940, was 
not so noticeable during or just after the war; in the last 5 years, however, it has 
become much more manifest. 

In 1947 we started extensive research on the cherry (culture, varieties, outlet, etc.). 
The results have shown that much can still be done to give the cherry industry a 
sounder basis so that decline may be turned into progress (3). The same conclusion 
was reached at a meeting held at the Institute of Horticultural Plant Breeding in 1952. 
This meeting was attended by persons concerned with the growing, commercialization 
and processing of cherries and by the staff of the Horticultural Advisory Service (1). It 
was evident that not only improved cultural measures but especially replanting with 
better varieties would have a favourable effect on the production costs, prices and 
yields, thus increasing the productivity of the cherry industry. 
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These improved varieties should have higher standards than the old varieties of the 
following qualities: 

Picking quality (dependent on the fruit arrangement, and whether a variety is 

cropping evenly); 
Disease resistance (bacterial canker, brown rot, virus diseases, silver leaf); 
Susceptibility to poor weather conditions; 
Fertility; 
Fruit size; 

Transport and storage qualities; 

Pollination requirements (self-compatible or intercompatible with the leading 

varieties) ; 

Time of ripening (favourable ripening intervals). 

To obtain such varieties a start was made with the study of the most important 
varieties occurring in the Netherlands. Tbis research has already produced important 
practical results. 

In addition many varieties were collected from the Netherlands and from abroad, as 
many of them were likely to prove of great value. 

Later, a breeding programme was started. The following examples show that good 
gene material is available: 

a. Three times as many kg of fruit are picked from Schneiders Späte Knorpelkirsche 
per time unit as from Früheste der Mark. 

b. With Pater van Mansfeld up to 100 % of the trees are lost in 10 to 15 years, due to 
bacterial canker; in Inspecteur Löhnis the loss is mostly nil during the same period. 

c. The so-called “Harde Kassins Frühe” is very susceptible to rain; in many years it 
cannot be picked on account of the high percentage of cracked fruits; on average 
the percentage in Wijnkers is less than one-fifth of that in Kassins. 

d. The fertility of Morel is three times that of Frühe Französische. 

Some of these investigations are being carried out in collaboration with other 
research workers. Unless stated otherwise, they belong to the staff of the Institute of 
Horticultural Plant Breeding. 


REGROUPING THE LIST OF RECOMMENDED VARIETIES 


The first step towards improvement was a study of important commercial varieties 
grown in Holland. This led to important changes in the list of recommended 
varieties, and subsequently in the planting of varieties (Table 1), as the majority of 
the growers act on the recommendations in this list. 

So far there have been three categories of recommendation: 

a. Recommended varieties; 
b. Additional varieties; 
c. Promising varieties. 


Of nine varieties that had been classified as recommended for many years, two were 
discarded in the last issue as being no longer of value and seven were placed in a 
new category of local importance only. Abesse de Mouland (— Bastaarddikke — 
Eisdense) and Varikse Zwarte were discarded. Early Rivers, Klerk, Pater van Mansfeld 
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TABLE 1. SURVEY OF THE VARIETIES DESCRIBED IN THE LAST FOUR ISSUES OF THE NETHERLANDS LIST OF 
FRUIT VARIETIES (1938/39, 1943, 1948, 1954), AND OF THE CLASSES UNDER WHICH THEY 
HAVE BEEN GROUPED. 


Variety 1938/1939 1943 1948 1954 


® 


Abesse de Mouland (Bastaarddikke, Eisdense) 


Early Rivers 


Klerk 


Pater van Mansfeld (Markies) 


Mierlose Zwarte (Udense Zwarte) 


Udense Spaanse 


Varikse Zwarte 


Meikers 


Morelle 


Dikke Loen (Kernielse) 


GICHSICHOHCESTOH CNE 
JOOS 


Drogans Gelbe Knorpelkirsche 


Elton 


Í 


Hollander 


Wijnkers 


Zeeuwse Zoete Morel 


Bruine Vleeskers (Zwarte of Bruine Spaanse) 


Oe © 


Kentish (Rode Waalse) 


Là 


Knolkers 


GOGO O0ODOO0ODÛ 


GOO O0 
CICTOTELORG 


@ 


. . pa se . . 
© — recommended varieties; ©, — additional varieties; 


TABLE | (continued) 


Variety 


1938/1939 1943 


1948 


Westerleese Kriek (Cerise de Schaerbeek, 
Wye Morello) 


Beekse Late 


Schneiders Späte Knorpelkirsche (Hedelfinger 
“ Riesenkirsche falso) 


Koningskers 


Molenkers 


Inspecteur Löhnis 


Wilhelmina 


Eierkriek 


Vroege van Werder 


Rijkmaker 


Früheste der Mark 


Frühe Französische (Lamotte) 


Guigne d'Annonay (Vroege van Spithoven) 


““Kassins Frühe”’ (Zachte Kassin) 


Beierlander 


Asdonkse (No. 501) 


Frans Meylingkers 


Bigarreau Napoléon (Gascogner, Rouaan) 


© — promising varieties and & 


ererelenerere 


ererere Herens 
erereleleieie mere 


8 
OECH 


CHCICEG 


® 


0 & 


ere 


‚_ = varieties which are not recommended. 
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(S Markies), Mierlose Zwarte (— Udense Zwarte), Udense Spaanse, Meikers and 
Morel were classified as varieties of local importance. 

Of the ten additional varieties six were reclassified as not recommended (Drogans 
Gelbe Knorpelkirsche, Elton, Hollander, Zeeuwse Zoete Morel, Kentish — Rode 
Waalse, and Knolkers), one as promising (Westerleese Kriek — Cerise de Schaerbeek — 
Wye Morello), and two as of local importance (Dikke Loen — Kernielse, and Wijn- 
kers). Only Bruine Vleeskers — Zwarte Spaanse — Bruine Spaanse was kept in the 
category of additional varieties. 

Of the eight promising varieties in the old lists (1939, 1943) four were deleted, one 
was reclassed as an additional variety, and three were placed in the group of varieties 
of local importance. In 1948 five varieties were newly listed as promising; in 1954 
three of them were reclassed as additional varieties, one was reclassed as a variety of 
local importance, and one was deleted. In 1954 three varieties were newly listed, one 
as additional, one as promising, and one as of local importance. 

The 7th edition (1954) is the first to include local stocks (only of cherry), as the 
demands made on varieties may differ widely with the locality, owing to the different 
commercial and growing conditions. Thus in one locality a variety may belong to 


sn u . . . . | 
group Lj) ‚ while in others it should be placed in (1 or © (see Table 1). 
TABLE 2. VARIETIES RECOMMENDED FOR GROWING IN THE NETHERLANDS, ARRANGED IN THE ORDER OF 


THEIR MATURITY; AS A RULE A HIGH MARK INDICATES A FAVOURABLE DEVELOPMENT OF THE 
CHARACTER IN QUESTION; Ss = sufficient, i — insufficient 


Time of 8 B 
Varieties “days after | Fertiliy Grass Kesistihes to brown |'' Se 
Früheste der health rot 
ark 
1. Früheste der Mark 0 5) 3 l 3 s 1-2 
2. Frühe Französische 3E) 3 5) 3-4 4 s D 
3. Guigne d'Annonay 9 àl2 4 5 2-3 4 s 2 
4. Asdonkse EAM 4 5 4 4 s 23-3 
5. Early Rivers type 
Alf heim 10 à 14 4 5 4 4 s 3 34 
6. Kassins Frühe 10 à 14 4 5 2-3 4 s 253 
7. Vroege van Werder 21 à 24 5 2) 3 3 s 25-34 
8. Pater van Mansfeld 24 à 28 5 2 4-5 2 s 25-34 
9, Dubbele Meikers 20 à 35 5 5 4-5 4 i 2-3 
10. Kernielse 26 à 30 4 4, 3-4 3 s 3 —3$ 
11. Mierlo’se Zwarte 30 à 33 4 5 3 3 s 253 
12. Wijnkers 31 à 35 4 3 4-5 5 s 24-33 
13. Inspecteur Löhnis 31 à 35 5 5 4-5 ») i 24-34 
14. Schneiders Späte 
Knorpelkirsche | 33 à 40 3 5 4 2) Ï 445 
15. Bigarreau Napoléon 33 à 40 5 D 3 2 s 4 —5 
16. Udense Spaanse 38 à 42 4 5 2-3 3 Ì | 4-5 
17. Bruine Vleeskers 40 à 44 5 4 2-3 2) i 3 —5 
18. Koningskers 40 à 44 4 9, 34 2) s 4 —5 
19. Frans Meylingkers 44 à 47 4 4 2-3 3 s 213 
20. Klerk 44 à 47 3 4 2 3 s MER, 
21. Morelle 45 à 60 5 5 sour 5 Ï | 233% 
22. Westerleese Kriek 45 à 60 De 2 sour | 5 s 1 
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The list of 1954 (the latest) includes 22 cherry varieties. They are given in Table 2, 
together with an indication of some of their characters. In the list these characters are 
described in greater detail and more accurately than in previous editions (in which 
little could be said of important characters such as fruit size and time of ripening, and 
of pollen compatibility). 

This new list is an important step forward, but further improvement seems possi- 
ble. Therefore many varieties were collected in the hope of finding some promising 
varieties among the selections made by other workers; in addition many crosses were 
made in order to produce selections combining as many valuable characters as possible. 


COLLECTING VARIETIES FROM THE NETHERLANDS AND FROM ABROAD 


The material collected from the Netherlands includes the commonly grown varie- 
ties, with strains of these varieties (mutations?), local varieties and chance seedlings 
which we encountered in nurseries, orchards and gardens. 

A total of about 400 varieties and unnamed selections were imported up to the 
autumn of 1955. The majority of these came from Belgium, Germany, England, France 
and the U.S.A; a good many also from Canada, Denmark, Sweden and Switzerland. 
The new selections and varieties released yearly by experiment stations and breeders 
are being collected as soon as possible in order to test them under Dutch conditions. 

In order to restrict the number of older varieties, introductions were only made 
from countries where the climate is similar to that of the Netherlands. Varieties 
which performed well in their country of origin, as well as less satisfactory varieties 
were introduced; the climatic conditions and growing and commercial require- 
ments in many countries often differ so widely from those in the Netherlands 
that a variety which is considered unsuitable or has passed out of cultivation elsewhere 
may prove valuable here. Besides it is often very difficult to assess the value of foreign 
varieties owing to incomplete descriptions and lack of useful data on their times of 
ripening. 


MORPHOLOGICAL INVESTIGATIONS AND TYPE SELECTION 


Many of the collected varieties have been flowering for some years and have fruited 
at least once, so that many morphological observations could be made. From these it 
was shown that the cherry nomenclature is very confused. Many varieties received 
under the same name were far from being identical (for instance Hedelfinger Riesen- 
kirsche), while other varieties carrying different names proved to be identical (for 
instance Bigarreau de Jaboulay was encountered under the following names: Lyons, 
Bigarreau de Lyon, Vroege Bigarreau, A 17, A 46, Vroege van Gelmen, Ramon Oliva 
and Olivar). 

This morphological research is being carried out by Mr. E. T. NANNENGA. Within 
a few years a detailed survey of synonymy (including morphological descriptions) may 
be expected. 

It was found to be necessary to include the varieties occurring in the Netherlands in 
the morphological investigations, as research on the cultural value and pollination of 
varieties is not possible if the varieties cannot be recognized. It has often happened 
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FIG. 1. RrPE MAY DUKE AND GREEN VOLGERS ON THE SAME BRANCH 


that a certain variety that did well in one locality gave poor results in another; further 
research then revealed that the name was the only thing these varieties had in common! 
With many varieties the local or commonly used names could. be replaced by names 
correct according to nomenclature. 

It is not always possible to make a clear morphological distinction between the 
varieties, notwithstanding the fact that they show clear physiological differences which 
may be of great practical value, such as differences in disease susceptibility, fruit size 
or time of ripening. In many cases these differences may be incidental (due to certain 
circumstances, for instance type of soil, rootstock used) or they may be reproducible 
(mutations, or varieties resembling each other very closely but originating from hy- 
bridization). This can only be found. out by means of prolonged and expensive trials in 
which the types must be grafted on rootstocks which have been propagated vegetative- 
ly, and be planted in a number of replications. In general this expensive research has 
been avoided, and a cheaper solution chosen instead: the Netherlands General In- 
spection Service for Arboriculture (N.A.K.-B) certifies as mother trees for the supply 
of scionwood to nurserymen only those trees which belong to the apparently best type. 
Consequently only trees of that type are planted, and nothing is lost if the differences 
prove to have been incidental. 

“Types” that are difficult to distinguish occur in the following varieties: Früheste 
der Mark, Frühe Französische, Early Rivers, Kernielse, Mierlose Zwarte, Meikers 
(= May Duke — Anglaise hâtive — Rote. Maikirsche), Varikse Zwarte, Wijnkers, 
Bigarreau Napoléon, Abesse de Mouland, and others. 
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With one of these varieties, namely May Duke, the above “solution” is only 
effective to a limited extent. This is because of some kind of instability of the fruits, 
so that on one tree numerous variations in fruit shape and ripening may be encountered. 
The practical growers speak of May Dukes (which are further divided as early, 
midseason and late types, viz. Moortjes, May Dukes and Boskopers) and Volgers. 
The latter grow on the same trees as tie May Duke but mature up to 3 weeks later 
and also differ from them in shape, size, taste, and shape of the stone. Closer obser- 
vations have shown that with respect to maturity and fruit shape various intermediate 
forms are encountered on one and the same tree; in addition, the extent to which 
Volgers are produced varies from year to year. Consequently if a certain good type 
should be selected, the same phenomena would again appear to a greater or less extent. 
The question now is whether constant types can be found; this depends on the cause 
of the phenomenon. If the variations are caused by a virus disease, as some people 
think, it should be possible to find such types. Another supposition is that the May 
Duke is a chimaera. Extensive research into this question is being carried out. 

As soon as this point has been clarified selection as requested by the practical 
growers may be possible. Then the growers would have to be supplied with varieties 
which ripen evenly, and follow each other in picking time. In addition such varieties 
should possess the good quality of the May Dukes and Volgers. 


BREEDING TECHNIQUES 


The first series of crosses were all carried out by hand, at first in the orchards of 
growers, but later this was done in our own trial fields. If flowering was not uniform, 
some pollen was stored or branches of the later flowerer were forced to bloom. Pollen 
was not stored until the next season. Crosses that proved incompatible were discarded. 

The best pollination technique was as follows: Remove (not more than 4 days before- 
the opening of the flowers) the calyx, corolla and stamens by tearing the calyx off all 
round at the broadest spot (this is done with a pair of forceps); pollinate immediately 
or during the 5 subsequent days (when the stigma is sufficiently sticky) taking special 
care to dust each stigma with a sufficient amount of pollen; pollination is readily done 
with a flower from which the style and petals have been removed; if much pollen is 
available, it may be advisable to collect it and to pollinate with a fine brush; bagging 
is not necessary, provided the branches of “stripped” flowers cannot be blown against 
other branches. | 

In spite of the elimination of incompatible crosses and the development of an 
effective and rapid pollination technique, the labour requirement in relation to the 
numbers of seedlings obtained remained very high. Apart from the weather conditions 
which may occasionally play a part, this is mainly due to the fact that not more than 
one seed can be harvested per pollinated flower, and that in a number of seedlings 
many of the embryos abort in the seeds. 

Therefore, for crosses that can be carried out for a number of consecutive years, 
and for others of which appreciable numbers of seedlings are wanted, trees have been 
grown on in pots. Before the opening of the flowers these trees are placed in pairs in 
insectproof isolation cages in which pollination is carried out by ““clean” bees. This is 
only possible for the sweet cherry, as it is entirely self-incompatible; in the other cases 
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Fi. 2 


ABNORMAL GROWTH OF A 
PLANT GROWN UP WITH THE 
AID OF _EMBRYO-CULTURE 
(LEFT); NO TERMINAL BUD 
OCCURS BUT THERE ARE LAT- 
ERAL BUDS AS APPEARS FROM 
THE PHOTOGRAPH RIGHT 


the calyx has to be removed so that the amount of labour saved is less. There are 
other advantages, however, as for instance a greatly reduced dependence on the 
weather conditions and simpler control of flowering. In addition it may be possible to 
eliminate pollen incompatibility under such controlled conditions. Research in this 
direction is carried out by Mr. Kon YAM On. 

Incompatibility may also be eliminated by the method of Lewis (10) in which 
X-ray treatment is given to the flower buds. If important combinations should really 
prove to be incompatible, even at lower temperatures or when applying growth 
substances or other methods, it would certainly be worth while trying this treatment. 

In many cases the germination percentage of the seeds is low, even when properly 
stored and after-ripened (for at least 3 months at a temperature of 5 °C or less). To 
obtain a greater number of seedlings, embryo culture has been used; methods and 
results will be discussed in detail in a later paper (2) by the present writer together 
with Mr. J. P. BRAAK. 

When plants have been grown by means of embryo culture, it often appears to be 
difficult to keep them growing, or to re-start growth; some phenomena of abnormal 
growth also appear. Therefore Mr. L. SMEETS has carried out research on the possibili- 
ties of influencing growth and abnormal phenomena by controlling day length or 
temperature or both, for it is of the utmost importance to keep as many of the plants 
alive as possible, and to make them develop as soon as possible into healthy, fruiting 
plants. In addition it may be possible to shorten the ““‘juvenile phase” of the seedlings 
so that the plants come into bearing earlier (12). 

Dukes are hybrids of Prunus cerasus and P. avium; they are tetraploid. P. cerasus 
is also tetraploid, but P. avium is diploid. In order to make new Dukes, material of 
P. avium is being made tetraploid by Mr. A. E. ZeILINGA. Colchicine treatment of 
seed would be the simplest way. But treatment of good cultivated varieties of P. avium 
is preferred, as they nearly always have greater cultural value than seedlings and are 
expected to flower earlier, because the original material was ripe for flowering. 
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This will also enable us to study the influence of chromosome doubling on self- 
incompatibility and yield of P. avium varieties. Yield is now often too low, owing to 
insufficient cross-pollination; in the case of full self-compatibility this will no longer 
play a part, and block planting will be possible (10). 

Crosses between other Prunus species are also being explored. This is done in co- 
operation with Dr. R. PRAKKEN, professor of genetics in the Agricultural University 
of Wageningen. 

The production of gene mutants (5, 10) has not yet been tried, but crossings with 
pollen of a variety with a mutated S-gene, obtained from Dr. Lewis (9), have already 
been made. 


EVALUATION OF UNKNOWN VARIETIES AND NEWLY PRODUCED SEEDLINGS 


The seedlings obtained by hybridization and the unknown varieties collected from 
the Netherlands and from abroad are being selected according to the scheme for 
pome and stone fruits used at the Institute of Horticultural Plant Breeding. This 
scheme comprises the following consecutive phases: 

Nursery (2 years). The young seedlings and grafted trees are planted closely together. 
Diseased and very weak plants are discarded; in seedlings of important crosses from 
which only very few viable seeds are obtained, this selection is less rigorous than in 
the other seedlings. After 2 years the plants are transferred to selection field A. 

Selection field A. (max. 10 years). The planting distance depends on vigour and 
precocity. So far the following spacings have been used: 


3 X 5 m for seedlings of sweet cherries 
3 X 4 m for seedlings with ““sour blood” 
2 X 3 m for varieties. 


During the first fruiting years the seedlings do not produce normal fruits (6). Not 
until they have borne fruit for a number of years can it be ascertained whether they 
are really better than the established varieties of identical maturity. As the collected 
varieties are ripe for flowering they are considered to flower earlier, produce normal 
fruits earlier, and to be ready for inspection sooner than the seedlings. Hence their 
closer spacing. In order to reduce the risk of delay which may occur if the trees become 
diseased or die, 2 trees of each variety are planted. The seedlings with “sour blood” 
are planted more closely than the sweet cherries, as May Duke and Morel are weaker 
growing than the sweet varieties, and seedlings with one of these varieties as a parent 
come earlier into bearing. 

In selection field A special attention is paid to the following characters: time of 
‚ripening, colour, fruit size, stone size, tast2, and resistance to bad weather conditions 
before and during maturity. Unfruitful or diseased specimens and those which produce 
very small fruits or have a poor taste may, even in the seedlings, be removed before 
the normal fruits are produced. Promising seedlings or varieties that may prove 
valuable as parents are maintained. 

Selection field B is destined for promising seedlings and varieties from selection 
field A; also for foreign and local varieties which are known to have many favourable 
characters. For comparison a number of good standard varieties are also included. 
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FIG. 3. EXTREME FERTILITY OF A 
SEEDLING 


In this selection field 6 trees of each variety are planted in a block. Two of them 
are permanent trees and spaced at 10 x 8 ms; the rootstock for these permanent trees 
is F 12/1, an English selection from the Prunus avium, which is said to be very 
resistant to bacterial canker, is vigorous and bears fairly early. Between the per- 
manent trees are the filler trees, 2 on seedlings Limburgse boskriek (wild Pr. aviun— 
Mazzard) and 2 on seedlings of Pr. Mahaleb so that their compatibility with these 
rootstocks may also be studied. The poor varieties in selection field B are gradually 
discarded and the good ones are eventually included in variety trials. 

In selection field B special attention is paid to characters of hardiness, succulence, 
juice colour, disease resistance, transport and storage quality, growth habit, precocity, 
degree of fertility, picking quality and pollination requirements. 

Variety trials. The varieties which behave favourably in selection field B are included 
in commercial trials and, if possible, in variety trials carried out throughout the 
country (systematic variety trials). 

In commercial trials promising varieties from selection field B are distributed among 
growers in various parts of the country and on various soil types. 

To obtain a good impression of the varieties as soon as possible both phases may 
begin simultaneously. 


TRIALS OF COLLECTED VARIETIES 


The collected varieties have not yet been sufficiently studied to say which of them 
are most suitable for planting. However, some 100 varieties which, according to the 
literature or some Dutch growers, look promising, have been planted in selection 
field B. F 12/1 was planted ungrafted, and in 1954 the varieties were grafted on the 
crown; because the framework branches are formed by F 12/1, loss of trees due to 
bacterial canker is less likely to occur. 

It appeared to be difficult to graft upon the rootstock Prunus Mahaleb, and to grow 
a trunk of it, as was desired. Besides, rooting was very unsatisfactory on heavy 
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clay. However, from this experiment it was evident that fertility was induced earlier 
in grafts on Prunus Mahaleb than in those on the P. avium seedling. Flowering 
occurred as early as 1953 and the first fruits were harvested in 1954. 

A number of varieties have already been included in variety trials and small-scale 
commercial trials. 


PRODUCTION OF PRUNUS AVIUM SEEDLINGS 


Thousands of crosses between P.avium varieties during the years 1950-1954 
resulted in 306 seedlings, some of them growing in selection field A, others still being 
in the nursery. In addition 1202 seedlings of free-pollinated P. avium varieties were 
produced. Some of the seedlings of the 1950 crosses flowered in 1954; in 1955 nearly 
all of them flowered and the first fruits were picked. 

As has already been stated, a great many flowers may have to be pollinated to obtain 
a few plants. The following examples illustrate the minimum and maximum yields 
obtained. From 514 flowers of Schneider, pollinated with Early Rivers, 19 seeds but 
only 1 plant were obtained! On the other hand 398 flowers of Early Rivers pollinated 
with Wijnkers produced 161 seeds and 46 plants. 

From Table 2 it can be seen that in the first place good varieties are needed which 
ripen a) before Asdonkse; b) between Early Rivers and May Duke, Loen or Mierlose 
Zwarte; c) after Schneiders Späte Knorpelkirsche. Therefore the following crosses are 
for the present considered the most important: 


Gendtse Xx Frühe Französische 
Asdonkse x Pater van Mansfeld 
z Xx Inspecteur Löhnis 
a x Schneiders Späte Knorpelkirsche 
Kassins Frühe (soft type) Xx Pater van Mansfeld 
De 5 3 Xx Inspecteur Löhnis 
pe De Dn Xx Schneiders Späte Knorpelkirsche 
Early Rivers x Inspecteur Löhnis 
se „ Xx Schneiders Späte Knorpelkirsche 
Kassins Frühe (firm type) Xx Wijnkers 
Wijnkers x Inspecteur Löhnis 
5 X Schneiders Späte Knorpelkirsche 
Schneiders Späte Knorpelkirsche x Koningskers 
» » 5 Xx Grevense 


The choice of these varieties as parents has been primarily dependent on their yield, 
health, taste, resistance to rain and brown rot, and fruit size. 


PRODUCTION OF BETTER DUKE VARIETIES 


So far May Duke has been about the only representative of the Duke varieties in the 
Netherlands. In 1946 over 40 % of all the cherries grown in the Netherlands, and 80 % 
of those grown in the “Betuwe” (the main cherry area of the Netherlands) were May 
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Fig. 4. PROLIFIC BLOOM IN THE 3RD YEAR OF A SEEDLING FROM THE CROSS SOUR X SWEET 


MOREL X PR. AVIUM, VAR. WIJNKERS) 


(PR. CERASUS, VAR 
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Duke. Indeed, this variety has some very good characters which are partly lacking in 
the sweet cherries. Its taste is very nice, and it makes a fairly good “filler” tree because 
of its pyramidal growth and early fruiting. However, its very irregular ripening means 
several pickings, which increase production costs. In addition the soft texture of the 
fruits and the occurrence of off-types account for the fact that the May Duke acreage is 
rapidly diminishing and that only a few May Duke trees are now being planted. 
Therefore improvement of this variety is very desirable. 

To this end the selection of good types of May Duke and the production of seedlings 
of selfed May Duke trees is being undertaken; in addition crosses of May Duke X 
Morello, and of May Duke X P. avium varieties are being made. As May Duke is 
self-compatible, selfing produces good results. The easiest way is to harvest stones of 
free-pollinated trees in the centre of pure May Duke orchards. 

Just like May Duke, Morel is tetraploid. But the latter is a variety of P. cerasus, the 
sour cherry. This variety is being more widely grown for processing. The tree is 
relatively small, bears well and early, and its fruits are large. This is a great merit, 
although the fruits are not suitable for fresh consumption because of their high acid 
content. 

The P. avium varieties are diploid. In exceptional cases crossing with May Duke 
may result in a tetraploid hybrid (7, 11). In the majority of cases, however, the hybrids 
are triploid. Therefore, in addition to direct crosses between May Duke and P. avium 
varieties, crosses of May Duke and tetraploidized P. avium varieties are being made. 
Some foreign tetraploid varieties of P. avium have also been used as parents. Other 
Dukes have not yet been used in crossing, as they are generally considered less suitable 
as parents. 

During the years 1949-1953 some thousands of crosses have produced 276 seedlings 
which are now growing in selection field A. In addition there are 282 seedlings of 
selfed May Duke, 11 seedlings of selfed Morel and 85 seedlings of Limburgse 
Boskriek, a wild growing Prunus avium used as a rootstock for cherries. The latter 
seedlings were selected in a nursery as they were not quite sweet; probably some of 
the flowers of the mother had been pollinated by bees carrying pollen of wild sour 
cherries (all appear to be triploid). 

Flowering occurred as early as 1953; in 1954 out of 546 trees planted the year before, 
382 flowered, the majority abundantly. In most combinations, however, the number 
of fruits produced was very small and those that were produced dropped prematurely 
and had no embryos. Fruits only set satisfactorily in the cross Morel x May Duke 
and reciprocally. 

Further experiments on a number of floriferous but non-bearing seedlings showed 
them to be triploid, as was to be expected (1). 

Seedlings derived from the cross May Duke x Morel should, theoretically, be 
tetraploid; their fertility proves that this is so. From the first series of observations it 
was shown that the majority of the fruits are sourer than May Duke, in fact too sour 
for fresh consumption; time will show whether there are types among these seedlings 
that can be used either immediately or as parents. 

The seedlings of free-pollinated May Duke and Volger generally grow poorly and 
show many leaf distortions, especially those of Volger. The trees started to flower in 
1954 but fruits have not yet been produced. 
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Morphologically, it is of interest to note that the growth habit, vigour, shape of leaf 
and flower, leaf size and inflorescence in many cases are intermediate between those 
of the parents but occasionally strongly resemble one of the parents (seldom, however, 
in all characteristics). Types that are entirely sweet, particularly from the viewpoint of 
growth habit, do not occur. But there are some types that closely resemble Morel or 
other sour cherries. May Duke and Volger seedlings all closely resemble their parents. 


SUMMARY 


Ll. The area of cherry culture is decreasing in the Netherlands but improvement of the 
varieties would probably make cherry growing more profitable and more popular 
again. 

2. Many varieties have been collected from the Netherlands and from abroad. 
Morphological, physiological and cytological investigations were initiated. 

3. A first step towards improvement was made by studying the varieties already 
available in the Netherlands, type selection, and regrouping the list of recommended 
varieties. 

4. Further improvement is expected from studying the imported varieties and from 
breeding work, which has been started. 


SAMENVATTING 


Kersenveredeling in Nederland 


De kers is een vrij belangrijk fruitgewas in Nederland; de teelt van kersen is echter 
sterk aan het achteruitgaan. Bij onderzoek naar de oorzaken hiervan is gebleken, dat 
er nog veel mogelijkheden zijn om de kersenteelt rendabeler te maken, o.a. door 
verbetering van het rassensortiment; besproken wordt, welke eigenschappen een ver- 
betering kunnen ondergaan. 

De eerste schrede in deze richting was een bestudering van het Nederlandse sorti- 
ment, met als gevolg hiervan grote wijzigingen in de Rassenlijst (tabel 1). 

Vele (ongeveer 400) rassen, uit diverse landen afkomstig, werden bovendien ver- 
zameld ter nadere bestudering. 

Het vaak zeer geringe verschil tussen de rassen heeft een grote naamsverwarring 
tengevolge gehad; een uitgebreid onderzoek wordt daarom uitgevoerd door Drs. 
NANNENGA. 

In de Meikers komen zeer veel typen voor, evenals onder de Volgers; deze typen 
zijn niet constant, en gaan vaak in elkander over. Een en ander is voor de teler soms 
zeer schadelijk. Onderzoek naar de oorzaak hiervan, en over de mogelijkheid de typen 
te scheiden en constant te houden, is gaande. 

De aantallen na kruising verkregen zaailingen waren betrekkelijk gering in ver- 
houding tot de verrichte arbeid, ook na het ontwikkelen van een efficiënte bestuivings- 
techniek. Om de arbeidshoeveelheid te verminderen, werden van de kruisingsouders 
planten in potten opgekweekt; deze worden tijdens hun bloei in insectendichte ruimten 
gebracht, waar bijen de bestuiving uitvoeren (hetgeen zonder castreren mogelijk is 
door de zelfsteriliteit van de zoete kersen). Ir. Kom YAM OH verricht bovendien onder- 
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zoek naar de mogelijkheid van opheffing of vermindering van de incompatibiliteit 
tussen te kruisen rassen. 

Om ook planten te verkrijgen uit de zaden meteen minder goed ontwikkeld embryo, 
werd tezamen met Drs. BRAAK embryocultuuronderzoek gedaan. Daar het opkweken 
van de m.b.v. embryocultuur verkregen planten soms moeilijkheden gaf, deed Ir. 
SMEETS onderzoek naar de invloed van daglengte en temperatuur; tevens dient dit 
onderzoek om na te gaan of en in hoeverre het tijdstip van het intreden van de vrucht- 
baarheid vervroegd kan worden. 

Voor het kruisingswerk ter verkrijging van betere Meikersen is het van groot belang 
over tetraploid gemaakte rassen van zoete kersen te beschikken; deze rassen hebben 
misschien ook nog andere voordelen, zoals b.v. zelffertiliteit. De heer ZEILINGA voert 
het werk ter verkrijging van tetraploide rassen uit. 

Kruisingen tussen verschillende Prunussoorten (kers, pruim, perzik, enz.) worden 
verricht in samenwerking met Dr. PRAKKEN, Hoogleraar in de Erfelijkheidsleer aan 
de Landbouwhogeschool. 

De verzamelde rassen en door kruising verkregen zaailingen worden geselecteerd 
op z.g. selectievelden. De selectie-eisen en de toegepaste methodiek worden besproken, 
en de kruisingsouders genoemd. 

De beproevenswaardige rassen worden in rassenproefvelden en praktijkproeven 
nader op hun waarde voor de praktijk onderzocht. Met veelbelovende zaailingen zal 
dit ook gebeuren. Een groot aantal zaailingen staat reeds op de selectievelden, en een 
gedeelte hiervan droeg reeds vrucht. 
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A NOTE ON THE SHORTENING OF THE JUVENILE 
PHASE IN CHERRY SEEDLINGS 


L. SMEETS 
Institute of Horticultural Plant Breeding, Wageningen, Netherlands 
Received 23 May 1956 


In a paper on the improvement of cherry varieties GERRITSEN (1) shows that it is 
of importance to know the factors governing the growth and development of cherry 
seedlings. Therefore experiments on the influence of daylength and temperature were 
started by the present writer in 1953. The results so far obtained will be published in 
detail in later issues of this periodical. 

One of the objects was to ascertain whether the period between the germination of 
the seed and the time at which flower initiation is possible, generally called juvenile 
phase, can be shortened, as this might save time in fruit breeding. To this end attempts 
have been made to shorten the duration of the yearly growth cycle with the object 
of completing more than one cycle per year. The investigation was based on the sup- 
position that an acceleration in the succession of the yearly growth cycles results in a 
shortening of the duration of the juvenile phase. 

Our experiments, carried out in the phytotron of our Institute, with seedlings of 
Limburgse Boskriek (Prunus avium L.), raised from the seed of one tree, have shown 
that the yearly cycle can be reduced to about 6 months. As it was not certain that 
flowers would be initiated under conditions which favour a shortening of the yearly 
growth cycle, a number of 2-year-old seedlings having completed 3 and 4 growth 
cycles were placed out-of-doors in the spring of 1955, alongside the controls grown in 
the open. 

About that time my attention was drawn to a paper by POTAPENKO (2), which ap- 
parently has remained quite unnoticed in the literature on this subject. From this 
paper it is shown that POTAPENKO carried out successful experiments with cherry 
seedlings based on the principle mentioned above. 

However, in the spring of 1956 it appeared that in our material the controls nearly 
all flowered, whereas of the treated plants only 1 flowered. Our experiments will be 
continued. 


SAMENVATTING 
Een mededeling over het verkorten van de jeugdfase van kersezaailingen 


Getracht is de duur van de jeugdfase in kersezaailingen te verkorten door de jaar- 
lijkse groeicycli sneller op elkaar te laten volgen dan normaal het geval is. Een ver- 
snelde opeenvolging van de jaarlijkse groeicycli was mogelijk doch leidde niet tot het 
gewenste resultaat. 

Tijdens ons onderzoek bleek echter dat POTAPENKO volgens hetzelfde principe wel 
een verkorting van de duur van de jeugdfase bij kersezaailingen heeft kunnen bewerk- 
stelligen. 

Ons onderzoek wordt voortgezet. 
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A POSSIBLE VIRUS DISEASE IN LOLIUM PERENNE 


F. WIT 
Foundation for Agricultural Plant Breeding, Wageningen 
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1. INTRODUCTION 


Pathological conditions for which no causes could be ascertained, have been en- 
countered in the ryegrass nurseries of the Foundation for Agricultural Plant Breeding 
at Wageningen, during the last few years. 

Plants with a compact habit, stunted growth, and distorted blue-green leaves have 
been repeatedly observed in early spring. A second group of abnormal plants, showing 
retarded growth and tillering with yellow, orange or pale-red tipped but normally 
shaped leaves, have attracted attention later in the season. The plants of the first 
category usually died during the summer, while those of the second group often failed 
to survive the winter. Both conditions sometimes were found in different plants within 
the same clonal row, whereas other clones*) remained entirely normal. 

Heavy dressings with a complete fertilizer or farmyard manure did not reduce the 
symptoms. Eelworms could not be found, neither in the roots nor in the stems and 
leaves. Repeated isolations from both groups of plants yielded no consistent patho- 
genic fungi. Attempts to transmit the symptoms by rubbing extracts of aberrant plants 
on to leaves of normal ones, failed. The cause of the abnormalities remained obscure 
until the summer of 1955. 

The pathological conditions could be prevented from spreading by using unaffected 
plants for vegetative propagation. Clones had often to be discarded, because healthy 
material was no longer available. 


During the winter of 1953/54 a collection of 460 clones was considerably damaged, 
apparently by severe frost. In the early spring of 1955 the most vigorous plants of the 
200 most winter hardy clones were used for the establishment of polycross plots. The 
remaining material of these 200 clones was split up and transplanted to a field where 
no grass had grown — unless as weeds — for the last 7 years. Presumably some of this 
material was not completely healthy, for when the plants produced their new growth 
they showed the pathological symptoms to a higher degree than ever before. 

Ás the present writer strongly suspected these symptoms to be caused by a virus 
transmitted by insects, the Director of the Institute for Phytopathological Research 
(LP.O.) was asked to test this hypothesis. Some individuals from both groups of 
abnormal plants were supplied to Dr. NOORDAM, one of the virologists of the L.P.O., 
and he began his investigations in the summer of 1955. 


*) In order to prevent misunderstanding it is stated that by a clone is meant a group of plants 
derived by vegetative propagation from a single original individual. This definition is in agreement 
with that given by WEBBER, H. J. (New horticultural and agricultural terms. Science N.S. 18. 1903: 
501-503), Hayes, H. K., IMMER, F. R. and SMrrr, D. C. (Methods of Plant Breeding. McGraw-Hill, 
New York-London-Toronto, 2nd Ed. 1955) and KNicHr, R. L. (Dictionary of Genetics. Waltham, 
Mass., U.S.A. 1948). By a clonal row is meant a row of plants belonging to one clone. 
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Fig. 1. PLANT AFFECTED IN EARLY SPRING (LEFT) AND NORMAL PLANT (RIGHT) FROM THE SAME CLONE. 
PHOTOGRAPHED IN SEPTEMBER 


Aphids (Rhopalosiphum padi) were allowed to feed on these abnormal plants for 
4 days and were then transferred on to seedlings of oats and barley and killed 3 days 
afterwards. After 3 weeks these seedlings showed the typical symptoms of the yellow- 
dwarf disease of cereals as described by OswALD and HOUSTON (2). Apparently the 
representatives of both groups of grassplants contained the same virus. Whether this 
virus of yellow-dwarf is responsible for both groups of abnormal conditions in peren- 
nial ryegrass, still has to be ascertained. Attempts to transmit the virus from infected 
cereal seedlings to plants of perennial ryegrass have been started. 


2. SYMPTOMS 


The symptoms are most conspicuous in the spring. Affected plants produce new 
leaves which are shorter, thicker and stiffer than normal. Elongation of the leaf sheath 
is inhibited. The blades become dark, almost blue-green in colour and more or less 
crinkled in appearance. Often they show irregular or elongated swellings on the under 
surface. In the early stages these plants usually exhibit excessive tillering but extreme 
stunting, resulting in a dense dwarfed type of growth (Fig. 1). 

In the course of the spring and early summer the abnormal leaves mostly turn 
yellow or pale orange and in mid-summer they usually form a dark brown frizzled 
mass. The vigour of the affected plants becomes more and more reduced relative to 
normal individuals. Heading may be completely inhibited or culms are withered 
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before the ears emerge. If they manage to flower, the seed-setting is considerably 
reduced. Most diseased plants of this group die during the summer, especially in dry 
periods. 

The second group of pathological symptoms occurs most commonly later in the 
growing season, from the middle of spring until the autumn, and is less specific. 
Diseased plants show but moderately stunted growth, and the leaves become progres- 
sively discoloured, the upper parts of the leaves turning yellow, orange or pale-red, 
together with a withering of culms or complete tillers (Fig. 2). At this stage tillering 
is suppressed and part of the old tillers die, so that diseased plants tend to present a 
lax appearance. Plants affected early in the season usually show a progressive dete- 
rioration and may die during the summer. 

Symptoms typical of the first group have so far only been observed in spring. The 
distorted blue-green leaves and the protuberances on the under surface were never 
found during the late summer or autumn. This may mean that they represent second- 
ary symptoms, which are only produced by plants infected in the previous year. 
Plants showing symptoms of the second group would therefore represent primary in- 
fections in the current season. 

As, however, there may be considerable variability in the expression of the symp- 
toms among the different genotypes within the species, the results of artificial infec- 
tions must be awaited before a decisive answer can be given. 


Fig. 2. NORMAL PLANT (LEFT) AND PLANT AFFECTED IN SUMMER (RIGHT) FROM THE SAME CLONE. 
PHOTOGRAPHED IN SEPTEMBER 
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3. SEASONAL OCCURRENCE AND SPREAD 


In 1955 the 200 clones were arranged in 6 groups: early, semi-late and late diploids 
and early, semi-late and late tetraploids respectively. Within each group the clones 
were planted in single rows. In the majority of cases each clonal row contained 18 
spaced plants. 

The spread of the disease in the field was traced by classifying the 200 clones into 
three classes; healthy, slightly attacked or severely attacked. This was done by 
counting the number of affected plants and estimating the damage within each clonal 
row at monthly intervals from June until October 1955. The results are summarized in 
Table 1. Both groups of abnormalities have been taken together on the assumption 
that they are caused by the same pathogenic agent. 


TABLE 1. SPREAD OF THE DISEASE IN THE CLONAL NURSERY IN 1955. (200 CLONES COMPRISING 3564 PLANTS) 


Number of clones showing velo nes hon 
Month of observation e 
no symptoms weak symptoms severe symptoms symptoms 
TUe ER ne IND 56 52 44 
Tulsa dE 90 61 49 55) 
AUGUS CHR 86 62 Sp) Si 
September 83 62 55 59 
OCTODE GR 83 57 60 59 


The table shows that 44 % of the clones were already showing symptoms when note- 
taking started in June and that after July this percentage increased but slightly. All the 
abnormal plants of the affected clones, viz. 419 individuals or 12 % of the total number 
of plants, were removed in June. Nevertheless the percentage of attacked clones 
increased from 44 to 55 and the number of severely attacked clones from 32 to 49 
during the next month. A great number of separate plants which seemed healthy in 
June showed symptoms towards the end of July. By the end of August 456 plants were 
more or less affected whereas 235 additional plants, viz. 7 % of the original number, 
were almost or completely dead. The attempts to control the spread of the disease by 
removing visibly diseased plants were therefore rather ineffective. Probably better 
results would be obtained if removing were done earlier in the season, before the 
insects, that may transmit the disease, appear in great numbers. 


4. SOURCE OF INFECTION 


The collection of 460 clonal rows from which the 200 clones were selected was 
divided into 7 parallel blocks. The first 6 blocks each comprised 71, the last one 33 
clonal rows of 15 spaced plants. Many of these were considerably damaged during the 
severe winter of 1953/54. Only a few conspicuous symptoms of the disease were 
observed in 1954, but in the light of subsequent facts the damage attributed to frost 
will at least partly have been caused by the disease. Table 2 gives a survey of the 
number of clones transplanted from each block in the spring of 1955 and the per- 
centages of these clones showing disease symptoms at the beginning of June 1955. 
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TABLE 2. RELATION BETWEEN LOCATION OF THE CLONES IN 1954 AND DISEASE REACTION IN JUNE 1955 


Boe Te of clones in Number of Clones classified in 1955 
e ock clones in 1954 Den oNdiensed 
| 
1 Diploid, early and semi-late g/l 31 13 
D Diploid, semi-late and late 71 5) 34 
3 Diploid, late 71 35 43 
4 Tetraploid and some diploids g/l 31 68 
5 Tetraploid and some diploids 71 38 55 
6 Tetraploid and some diploids 71 19 42 
7 Diploid, early and late 33 HES | 33 


The table shows that the highest percentage of clones affected in June occurred in 
the group transplanted from block number 4. The data suggest that in 1954 the infec- 
tion spread from a group of 23 tetraploid clones, each multiplied vegetatively from 
individual tetraploid plants and transplanted to block number 4 of the clonal collec- 
tion in the autumn of 1953. This group originally consisted of 91 clones. A study of 
the field book revealed that 16 of them were recorded as showing ““virus”’ symptoms in 
the beginning of June 1953. From one of these clones 4 plants died in summer, the 
remaining ones seemed healthy and were used for the establishment of the clonal 
collection. At least one of the other 22 clones also was infected by the disease, as it 
showed the typical symptoms early in 1954. Both clones were severely damaged during 
the winter. 

The tetraploid clones originated from plants derived from seeds of colchicined 
plants. The seeds were sown in a heated gtasshouse in the winter of 1951/52 and the 
seedlings were transplanted to an isolation field in the spring of 1952. Some of them 
must have been infected there or even earlier in the glasshouse. Typical symptoms of 
the diseases were not recorded in that year but attacked plants may have been over- 
looked at that time. In general the development of the plants was very poor and many 
showed abnormal growth. These phenomena, however, were then attributed to 
tetraploidy. 

À source of infection in the glasshouse could not be traced but wild growing grasses 
at the side of a ditch. may have acted as sources of infection for the seedling plants put 
out in the isolation plot. 

Though the epiphytotic spread of the disease may be ascribed to the including of 
attacked tetraploid clones in the collection in 1953, symptoms of the disease had been 
observed in nurseries before that year, not only at Wageningen but also in ryegrass 
nurseries of grassbreeders in other parts of the country. Therefore, there must have 
been other sources of infection. These will be discussed in the last section. 


5. SUSCEPTIBILITY AND RESISTANCE 


The data in Table 2 have been interpreted by assuming that the disease spread from 
the infected individuals in block number 4 to the other blocks. However, the data 
might also be explained as the result of a greater resistance in the early heading and in 
the diploid groups. In order to check this interpretation a comparison was made 
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between the percentages of diseased clones in the various groups in June and in Oc- 
tober (Table 3). 


TABLE 3. DISEASE REACTIONS OF DIPLOID AND TETRAPLOID CLONES IN DIFFERENT CLASSES OF MATURITY 


Early type Semi-late type Late type 
2n 4n 2n 4n 2 4An 
Nambesofclonesmnn 36 19 Sl 26 5 16 
ndiseasednlunenlk Sn 31 63 41 65 40 38 
9, diseased October 1955 . . 56 74 61 113 50 50 


This table shows that in June relatively more affected clones occurred in the late 
and semi-late diploid group than in the early one. Therefore, the chances of becoming 
infected were greater for the former types. Nevertheless at the end of the growing 
season the percentages of diseased clones were lowest in the late types. Apparently 
there is no reason to suppose that the late clones are less resistant than the early and 
semi-late ones. 

In the early and semi-late groups the tetraploids showed higher percentages of 
diseased clones than the diploids. At the same time the affected tetraploid clones were 
in general also much more severely damaged than the diploids. It is premature, how- 
ever, to conclude that tetraploidy decreases the resistance to virus attack because it 
did not do so in the 4 n late type. Another possible interpretation is put forward in the 
following paragraphs. 

The clones in the collection differed greatly in age. Some were collected from old 
pastures as rooted tillers and have been maintained by vegetative reproduction in the 
nursery for several years. Others, especially the tetraploids, have only recently been 
multiplied from seedlings. In order to test the relation of clonal age and susceptibility 
to the disease, the clones were classed into 3 groups and the percentages diseased plants 
in each group presented separately (Table 4). 


TABLE 4. RELATION BETWEEN AGE OF THE CLONES AND DISEASE REACTIONS IN 1955 


2-3 years old 4-5 years old over 5 years old 
MONROE tetraploid diploid diploid only diploid only 

| number | diseased | number | giseased | PUMLer | giscased | PUMDEr | giseased 
JUDEA 61 57 54 53 28 32 | 16 
ODDER 5 An oe 66 51 es 


These data suggest that the longer the clones have been grown in the nursery, the 
less they were attacked by the disease in 1955. Plants propagated vegetatively for the 
longer period will have had more chances of becoming infected and of becoming 
discarded. In general the clones were transplanted at least every 2 years and then only 
the most vigorous ones were retained. A great number of the originally selected plants 
and clones of the older groups have been discarded in the course of years as they 
showed symptoms of degeneration. This “running out” has been interpreted as lack 
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FIG. 3. SEVERELY DAMAGED CLONES (CENTRE) AND UNAFFECTED CLONES (LEFT AND RIGHT). 
THE PLANTS IN THE FRONT AND IN THE BACK ROW ARE BORDER PLANTS NOT BELONG- 
ING TO THE CLONES 


of persistency; at least it must partly have been lack of resistance or tolerance to the 
disease. Clones selected only recently have had little chance of becoming infected and 
little natural selection for resistance can have occurred among them. The greater 
damage in the tetraploid group may not be caused by the chromosome duplication, 
but by the fact that all of them originated very recently. 

An important question for future breeding work is whether true resistance occurs in 
the indigenous types of perennial ryegrass and if so, to what extent. The fact that 
several clones remained healthy, although they were surrounded by severely attacked 
plants, both in 1954 and 1955, indicates that tolerant or immune types occur. From the 
preceding pages it may be concluded that in unselected material they will form a small 
minority. 

According to OSWALD and HOUSTON (3) Lolium perenne should be immune from 
yellow-dwarf. If this virus really is the pathogenic agent in our ryegrass nurseries, then 
the situation will be more complicated. Either the yellow-dwarf virus encountered in 
the Netherlands is more virulent to perennial ryegrass than the Californian strain or 
the virus is the same but the material tested by OSWALD and HOUSTON happened to be 
immune, whereas most Dutch genotypes are susceptible. The American writers 
presumably tested only one strain. They found their material of Lolium multiflorum 
to act as symptomless carriers. As Italian and perennial ryegrass are susceptible to the 
same diseases and can hardly be considered as separate species, it may be expected that 
symptomless carriers also occur in Lolium perenne. 


6. DAMAGE 


Symptoms of the disease have been observed not only at Wageningen but also in 
nurseries of several grass breeding firms in other parts of the Netherlands. The disease 
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may be spreading or may already be present all over the country. So far, however, the 
symptoms have been recognized in Lolium perenne only in spaced plants. This may 
be due partly to difficulty of recognition, partly to the fact that no attention has been 
paid to the possibility that the symptoms may be found and recognized in other 
situations. In rows or broadcast plots primary infections will be easily overlooked, 
severely diseased plants soon will be crowded out by healthy ones. A careful search for 
the occurrence of the disease under such conditions should be carried out. It is hard 
to believe that a disease to which the majority of the plants in the nursery are highly 
susceptible, would not occur or do no harm in grass fields or seed crops. It might 
do serious damage to the ryegrass component in leys and pastures where the plants 
could become increasingly infected over along time and become progressively weakened. 

For the present only the damage caused in the nursery (Fig. 3) and in the breeding 
programme can be judged and this damage may be more considerable than has yet 
been realized. The occurrence of infection in breeding material in the last stages of the 
breeding programme makes a large amount of previous work useless. This happened 
to some extent in our experiments in 1954 and 1955, but in the opinion of the author 
it did occur — although on a smaller scale — in many ryegrass nurseries in the past. The 
more or less sudden inexplicable breakdown after many years of excellent growth and 
the progressive weakening of once outstanding clones, are well known to many 
breeders of ryegrass. 


7. CONTROL MEASURES 


According to OSWALD and HOUSTON (2) all attempts to transmit yellow-dwarf by 
mechanical means, by seed or through the soil, were negative. The virus could only be 
transmitted by insects. Our previous supposition, that cutting implements might be 
responsible for the spread of the disease, would therefore seem to be unjustified. 

The choice of control measures depends primarily on the fact whether the disease 
will remain exclusively a nursery disease or will be found to cause damage also in 
grassfields etc. or again is likely to pass into other crops. In the first case the problem 
may be solved relatively easy by keeping the nursery free from the disease. Even then, 
however, several questions are awaiting answers: is the virus alone responsible for 
both groups of pathological conditions; how rapidly does it spread; how frequently is 
it introduced from outside sources and what are these sources; how early can infected 
plants be detected; do symptomless carriers occur and are aphids the vectors? 

The available evidence suggests that spread of the disease occurs rather slowly and 
preponderantly from sources within the nursery. Therefore, removing infected plants 
as soon as they are noticed and spraying regularly with a persistent insecticide might 
result in suppressing the disease. Special attention should be given to new collections 
as the early recognition and elimination of the diseased individuals will reduce loss 
to older plantings. It is very important that vegetative propagation should be only 
from plants which are free from the disease. 

Outside sources of infection may be manifold. According to OswALD and HOUSTON 
(3) the yellow-dwarf virus has a very wide host range in the grass family. A considerable 
proportion of the grasses growing in our grasslands, road sides, ditch banks and waste 
places proved to be capable of carrying the virus. Among these are e.g. Anthoxanthum 
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odoratum, Avena fatua, Bromus inermis, B. mollis, B. tectorum, Dactylis glomerata, 
Festuca arundinacea, Lolium multiflorum, Poa annua and Poa pratensis. Some species 
act as hosts, others as symptomless carriers. If this virus really is the principal patho- 
genic agent, then effective isolation of ryegrass nurseries from sources of infection will 
be very difficult. 

Symptoms of yellow-dwarf have already been observed in self-sown barley, oats 
and wheat in various regions of the Netherlands by OswaALp in 1954. In some in- 
stances the virus also has been found in a small percentage in winter-cereals (1). 
According to OSWALD yellow-dwarf is unlikely to become a disease of economic 
importance in these crops, as the Dutch climate is unfavourable to its early establish- 
ment in cereal fields. These fields, however, might present dangerous sources of in- 
fection for ryegrass. They may become infested by the virus and than accumulate large 
populations of virus-infected aphids, particularly on the self-sown seedlings in late 
summer. Therefore, ryegrass nurseries should not be established in close proximity to 
cereal fields. 

In the above it has been supposed that the disease may perhaps be restricted to the 
nursery, but the breeder should envisage the possibility of its also causing damage 


outside the nursery. Then the only solution would be the breeding of resistant, 
preferably of immune strains. 


8. SUMMARY 


Two types of abnormal plants have been observed in clonal plantations of perennial 
ryegrass. Plants of the first group were characterized in early spring by a dense dwarfed 
growth of distorted blue-green leaves. Those of the second group became recognizable 
later in the season, because of their somewhat stunted growth and the yellow, orange 
or pale-red discoloration of the upper halves of the leaves. No consistent visible 
pathogen could be detected but when aphids, fed on the abnormal grass plants, were 
transferred to seedlings of oats and barley, these reproduced typical symptoms of the 
cereal yellow-dwarf disease. The abnormal ryegrass plants of both groups may contain 
the same virus. lt is suggested that the first group represents plants infected in the 
preceding year, the last group those infected in the current season. Whether the virus 
is alone responsible for the damage, still remains to be ascertained. 

In previous years the disease could be prevented from spreading by using for 
vegetative propagation only healthy plants. When, however, in 1955 affected plants 
were also used for the establishment of a clonal field, the number of infected clones 
ranged from 44 percent in June to 59 percent in October. The total loss of plants 
amounted to 19 %. 

Clones from plants selected only recently were much more affected than those which 
had undergone repeated vegetative selection. This indicates that in the latter group the 
most susceptible clones had been eliminated in the preceding years and that those 
surviving must have been more resistant. 

The question whether the disease might do damage to seedlings in rows or in 
broadcast sowings or might pass over to other crops, requires careful consideration. 
Possible control measures are discussed. 
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9. SAMENVATTING 


Een virusziekte in Engels raaigras 


Op proefvelden van de Stichting voor Plantenveredeling te Wageningen en van ver- 
schillende kweekbedrijven in ons land werden de laatste jaren bij planten van Engels 
raaigras herhaaldelijk ziekteverschijnselen waargenomen: die niet konden worden toe- 
geschreven aan de tot dusver voor deze soort bekende ziekteverwekkers. Naar de aard 
en het tijdstip van optreden van de symptomen vielen twee groepen afwijkende planten 
te onderscheiden. 


Planten van de eerste groep verschilden reeds in het vroege voorjaar van normale 
planten door de vorming van blauwgroene, verkorte, vaak misvormde bladeren, 
welke dikwijls opzwellingen aan de onderzijde vertoonden. Zij waren verder gemakke- 
lijk te herkennen aan de gedrongen, dichte bladrosetten, veroorzaakt door een sterke 
remming van de lengtegroei van internodiën en bladscheden. De halmvorming was 
vertraagd of bleef geheel achterwege; dikwijls verdroogden de halmen vóór de aren te 
voorschijn kwamen. In de loop van het voorjaar en de zomer verkleurden de meeste 
bladeren via geel of oranje tot donkerbruin, waarna de planten in de regel afstierven. 


Afwijkende planten van de tweede groep verschilden minder sterk van de normale 
en werden later in het groeiseizoen opgemerkt, van midden-voorjaar tot in de herfst. 
Een verminderde groei en een gele, oranje of bleekrode verkleuring van de bladtoppen 
vormden de eerste symptomen. Afhangend van het tijdstip van optreden van deze 
symptomen trad naderhand een meer of minder sterke remming van de uitstoeling op 
en een verdorring van halmen en spruiten, vooral in droge perioden. De planten 
vormden daardoor ijlere pollen en in extreme gevallen gingen ze reeds gedurende de 
zomer te gronde. 


Sinds enkele jaren werd vermoed dat de ziekteverschijnselen het gevolg zouden zijn 
van aantasting door virus. Het gelukte echter niet de symptomen langs mechanische 
weg van zieke op gezonde planten over te brengen. In 1955 slaagde Dr. NOORDAM er 
in het Instituut voor Plantenziektenkundig Onderzoek evenwel in met behulp van 
bladluizen een virus van de abnormale grasplanten over te brengen op kiemplanten 
van haver en gerst. De besmette kiemplanten vertoonden de typische symptomen van 
de yellow-dwarf ziekte van de granen. Deze virus-ziekte werd in 1951 aangetoond in 
de Verenigde Staten van Amerika en in 1954 in Nederland. Vermoedelijk zijn de 
planten van de tweede groep in de loop van het groeiseizoen besmet en vertonen zij de 
primaire ziektesymptomen. Planten van de eerste groep zouden dan het jaar tevoren 
zijn geïnfecteerd en de secundaire symptomen vertonen. In hoeverre het yellow-dwarf 
virus alleen voor beide groepen symptomen verantwoordelijk is, dient echter nog door 
kunstmatige besmettingsproeven te worden uitgemaakt. Volgens Amerikaanse onder- 
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zoekingen kan de besmetting alleen door luizen geschieden en gaat zij niet met het 
zaad over. 


De ziekte kan in pollen aanplantingen vrij ernstige schade aanrichten. In 1955 waren 
van 200 klonen in Juni 44 % en in October 59 % aangetast. In de loop van het jaar 
stierven 19 % van het aantal pollen. Het is daarom wenselijk na te gaan in hoeverre 
het virus tevens voorkomt en schade veroorzaakt in zaadpercelen en grasland. 

Ten einde de schade op de kweekbedrijven zoveel mogelijk te beperken dient men 
voor vegetatieve vermeerdering uitsluitend gezond plantmateriaal te gebruiken. Het 
tegengaan van de uitbreiding in besmette aanplantingen door verwijdering van de aan- 
getaste planten zal alleen effectief zijn indien hiermee vroeg in het voorjaar begonnen 
wordt en men tegelijk de insecten bestrijdt die de besmetting overbrengen. 


Het yellow-dwarf virus is in ons land op verschillende plaatsen aangetroffen in op- 


slag van gerst, haver en tarwe. Het verdient daarom aanbeveling aanplantingen van 
Engels raaigras niet in de nabijheid van graanpercelen aan te leggen. 
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INTRODUCTION 


A summary of the reports and discussions of the first day of the International 
Conference of August 26 and 27, 1955, at Wageningen, was given in Euphytica 5 
(1956): 18-32. Here follows a summary of the reports and discussions of the second 
day. 

There were seven theses as a basis for the discussions, and three reports. Mr. NINNIN, 
Brétigny, France, sent a “Brief exposition in relation to theme II’. He was prevented 
from being at the conference himself, but was represented by Mr. L. FRIEDBERG. 
Parts of his ‘exposition’ have been incorporated in the following summary. Mr. R. 
FOURMONT, Station d'Amélioration des Plantes, Versailles, France, presented “Some 
observations on the identification of varieties and strains of autogamous vegetable 
plants’. The third report is my introduction to the seven theses. The full reports will 
be found in the proceedings of the XIVth International Horticultural Congress. 

This is not a literal representation of the discussions. 1 have tried to give the mean- 
ing of the speakers as neatly as possible, but IT am aware that misunderstandings in a 
difficult field like this are quite easy. Therefore, 1 beg that speakers will send me cor- 
rections if IT have made mistakes. 1 have made comments where I thought it desirable 
to explain the meaning of the theses. 


THESIS 1 


Extension of knowledge and handling of legal problems in relation to varieties is 
possible only if there is a generally accepted conception of what a variety is. 


Mr. NINNIN (France) stressed this point in his report. The ASSINSEL (International 
Association of Plant Breeders) favours the filing of new varieties in official registers 
in the different countries as a basis for the protection of the plant breeders work. 
But if these registers are to be reciprocally acceptable, there must be an international 
understanding of what should be considered as a variety. 

Mr. BAssE (Germany) said that in Germany a seed-law is working now that opens 
the possibility of registering new individual varieties. A variety is accepted as indi- 
vidual if, at the moment the application for registration is filed, it is sufficiently 
distinguishable from all varieties that are in the trade or have been filed for registration 
already. It leaves to the official experts to decide what will be ‘sufficiently distinguish- 
able’. Therefore the question what kind of difference will do to define an individual 
variety is an urgent one in Germany. 
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During the discussions it appeared that also in countries where there is no legis- 
lation in relation to varieties, it is felt to be quite desirable to have some kind of 
manageable system for the standardization and the naming of varieties. Legal conse- 
quences will complicate the problem, but will not essentially change it. 


THESIS 2 


In defining what a variety is, one should start from the statement that for plant pro- 
duction purposes one has to distinguish between units for agricultural use. 


Prof. DOBRENOV (Yugo-Slavia) said that varieties in an agricultural sense should 
not be confused with botanical taxons. 

Dr. Boom (Netherlands) remarked that the International Code of Nomenclature 
for Cultivated Plants has quite accepted this idea. If it uses the term variety it means 
cultivated variety or cultivar, which is entirely different from the botanical variety. 

The conference agreed on this point. We have to consider units for agricultural use, 
not botanical units. This implies that botanical methods used for the identification 
of those units should be guided by the agricultural purpose. 


THESIS 3 


Distinguishing one unit from another is possible only if the units are identifiable. This 
is possible only if the units differ in one or more characters which are 


a) sufficiently contrasting, and 
b) reproducible in successive generations. 


Mr. NINNIN (France) states that the identification of varieties has become more 
and more difficult during the last fifty years because the gaps between varieties have 
been filled up by a great number of intermediate types. Clear differences have been 
replaced in many cases by a continuous variation. It would be useful to recover, by 
studying the seed catalogues of seed companies, the original basic varieties. In describ- 
ing them, all smaller differences that have come into existence after the original intro- 
duction, should be renounced. Experts and committees (private and official) should 
work until a complete agreement on their definition and naming is reached. They 
should be easily identifiable by one or more stable characters, without any danger of 
confusion. New varieties should be added to the list only if they could be distinguished 
from the earlier established varieties without any hesitation or contradiction. Non- 
identifiable units within or too near a well-defined variety should be denied a place 
among the varieties. They should be classified as strains or selections. They should be 
introduced and sold under the name of the nearest basic variety, possibly in some 
cases with the name of the seed company or a fancy name following. 

Mr. BAssE (Germany) says that in Germany the opinion is that two units can only 
be accepted as different varieties if the difference manifests itself under all conditions 
of growth and culture. The pea varieties Douce Provence and Petit Provengal are not 
considered as different varieties for the differences are evident under certain conditions 
only. They are taken together as one variety, that is called Kleine Rheinländerin in 
Germany. 
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Kleine Rheinländerin is an old variety that is not the exclusive property of one 
breeder, a so called free variety. New units filed for registration are treated in a 
somewhat different way. 

Free varieties cannot be inspected as well as the registered varieties that are under 
individual control. If a breeder does not maintain his registered variety exactly as it 
was when registered he will lose his right to sell seed of it. Therefore smaller differences 
are acceptable. 

As experience had learned that a seed company does not always sell the same strain 
of a free variety, the German authorities are inclined to promote a development in 
which the free varieties will gradually disappear from the trade. 

Mr. R. FOURMONT (France), restricting himself to autogamous plants (especially 
peas), makes a difference between primary and secondary characters. To be called 
primary a character should be contrasting and stable. Those characters that are not 
quite spectacular and contrasting, are called secóndary. 

Mr. FOURMONT considers as synonyms: two or more varieties which cannot be 
separated by any distinct and stable character, e.g. Pois des Serpettes and Vlijmse 
Krombek. He does not agree with the exclusion of small but stable and contrasting 
differences, but rejects non-contrasting differences as a means of separating varieties. 
According to the number of primary and secondary characters in which two units 
show a difference he gives the following definitions: 

À ‘strain’ of an autogamous variety is a unit that differs from that variety in one or 
maximally two secondary characters. 

“Similar varieties’ (variétés affines) are units that differ in a small number of stable 
secondary characters only (3 or 4), e.g. Petit Provengal (Eminent) and Douce Provence. 
The latter has a higher growth rate, is more frequently two-podded, and has bracts 
at the base of the flowers. 

‘Approaching varieties’ (variétés voisines) are units that differ in one primary and 
one or two secondary characters, e.g. Nain très hâtif d'Annonay and Cheminlong. 
They differ in the first fertile node (primary character), in plant height and leaf mor- 
phology (secondary characters). 

Acknowledging a unit as a new individual variety should be possible only in cases 
of several clear differences, including the cases of similar and approaching varieties. 

Mr. FRIEDBERG (France) and Mr. TRÉBUCHET (France) have another opinion. If the 
problem arises to decide if two units must be considered as two individual varieties 
or not, one has to ask in the first place if there is any difference in agricultural use. 
If there is such a difference, then one tries to find the proper characters to distinguish 
them. As Mr. NINNIN said, the difference should be clear, leaving no chance of con- 
fusion, but the agricultural value of a difference is more important than the number 
of differing characters. 

Dr. WALKOF (Canada) says that in Canada there is an understanding among the 
vegetable breeders in regard to what should be called a variety and what a strain. 
Two varieties must be distinguishable in more than one character; if a new unit is 
distinguishable only in one character it is a strain of the old variety. If, as an example, 
a plant breeder has been working with the tomato variety Ailsa Craig and in 1955 
he finds a variation in one character, he may introduce that type as a new strain and 
call it Ailsa Craig strain 55, indicating the year when he first observed it. 
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Mr. FRIEDBERG (France) can agree with this system. However, the first year of 
observation is not known for all strains. It was proposed somewhere to indicate such 
strains, if there are more than one, by the numbers I, IL, II, etc., but this would be 
against the nomenclature rules. It would seem preferable, in a case like that, to indi- 
cate the strains with the name of the variety followed by a fancy name. 

Dr. Mirrer (U.S.A) says that in the U.S.A. the minor differences are also called 
strains. 

Dr. VAN DER MERWE (South Africa) gives an example of what was done in South 
Africa. They selected a line out of the onion variety Texas Grano, that was 3 weeks 
earlier and had a somewhat smaller bulb. They called it Pretoria Grano, to indicate 
the affinity to Texas Grano. 

Mr. NINNIN (France) had recommended a great deal of caution in accepting dif- 
ferences in cultural value or disease resistance as a basis of differentiating varieties, 
because it would make identification very difficult. He prefers the classification of 
units that differ in such characters as strains or selections. 

Mr. LECRENIER (Belgium) says that thus far morphological differences have been 
investigated and proved useful as a means of classifying varieties. But a further deve- 
lopment might be possible by using well devised physiological methods, as is consi- 
dered at thís institute. Differences in cultural behaviour as such should not be accepted 
for differentiating varieties, unless they might be defined in terms of clear, repro- 
ducible physiological differences. 

Dr. NĳpAM (Netherlands) asks, if a new variety of an autogamous plant should be 
a pure line to be fit for registering, or should a mixture of pure lines also be accepted. 

Mr. FRIEDBERG (France) thinks this is a question of legislation which may be dif- 
ferent in different countries. In some countries, for example in France, it must be a 
pure line. 

Dr. LAMPRECHT (Sweden) says that in Sweden one or two percent deviating types 
in a new variety are accepted. 

In conclusion it can be said that there was general agreement that a unit for agri- 
cultural use should be acknowledged as a variety only if it can be distinguished from 
other varieties without confusion, that means by clearly contrasting, stable differences. 

Many members of the conference were of the opinion that a new unit derived from 
a variety of an autogamous plant, but differing from it only in a small degree (e.g. by 
one contrasting character, or by some non-contrasting characters, etc.), should not 
be called a new variety, but a strain from the original variety. Herewith the answer to 
thesis 6 has been given. This thesis was formulated as follows: 

In the group of autogamous plants similar types may be found that differ only in 
one or two of the minor morphological characters, being equal in all the other mor- 
phological characters and in all cultural characters. If it can be avoided such similar 
types should not be acknowledged as distinct varieties. 

There was not quite a definite opinion on the acceptability of physiological differ- 
ences. But if for instance one lettuce plant bolts in a short day as well as in a long day, 
whereas another plant will bolt in a long day only, this clear physiological difference 
seems to be a safe basis for identification. It seems to the author of this article that 
the same may be said of a really contrasting difference in disease resistance. 
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To be fit for the name ‘variety’ a group of plants should be identifiable in compliance 
with thesis 3. This implies that in general a variety of an autogamous plant can be much 
more accurately defined than a variety of a heterogamous plant. Indeed, very often a 
variety of a heterogamous plant is a basic unit only, within which a considerable degree 
of variation of non-contrasting and non-stable characters may exist. 


As there was little discussion on this thesis, I should like to comment upon it as 
follows: 


Two things should be kept apart: 


1. A difference between two homozygous units, as is the case with well selected 
material of well established varieties of an autogamous plant like peas. Such a dif- 
ference is stable at reproduction. 

Differences between two homozygous units may show different degrees of distinct- 
ness; nevertheless they will be present in the progenies of the two units just as they 
were in the previous generations. Therefore in principle it is possible to identify them, 
however difficult it may be. And it is only a question of convenience or of agricultural 
interest if smaller or non-contrasting differences will be accepted as a basis for the 
acknowledgement of separate varieties or not. By reading the different arguments 
used in the discussion of thesis 3 one will recognize these two factors in different pro- 
portions. 

The degree of distinctness of a difference depends on: 


a. The degree of contrast between characters (discontinuously varying characters 
are the most contrasting). 

b. In the case of continuously varying characters on the largeness of the difference, 
and on the degree of fluctuation of the characters under different conditions. 

c. The number of the differences. 


2. A difference between two heterozygous units. Such a difference is not stable at 
reproduction. 


In a unit of a heterogamous plant there usually is a kind of frame-work of stable, 
homozygous characters, completed by a larger or smaller number of heterozygous 
characters. Only the stable framework can be used for classification and identification 
purposes. 

That means that within a unit of identification of a heterogamous plant may be 
several units of a somewhat differing agricultural value, this difference in agricultural 
value depending on the ecological conditions under which the maintenance-selection 
was done (varying from year to year), on the ideas of the man who did the selection, 
and on the intensity of his work. 

In compliance with thesis 3, it is only the unit of identification that can be called 
a variety. But as this is only the stable framework, that means in most cases only an 
abstraction, a part of any living unit, 1 felt the necessity to devaluate the name variety 
somewhat in this case by the facultative addition of the word basic. If a grower buys 
seed of the carrot variety Chantenay, it is not enough that he knows that it is the 
Chantenay variety indeed, but it is very important for him if it is a good selection of 
Chantenay. 
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The agricultural units within a ‘basic’ variety are here called selections. The selec- 
tions are not properly identifiable because they are not quite stable. For the rest the 
same viewpoints as mentioned under 1 are applicable to the stable characters of the 
‘basic’ varieties. 

It should be remarked here that Mr. NINNIN used the word basic variety (variété 
de base) not quite in the same sense as I did, but more to indicate an original, principal 
variety. 


Concluding, it may be said that the limitations in the acknowledgement of individ- 
ual varieties are essentially concerned: 


a. in autogamous plants with one factor: the degree of distinctness of the differences; 
D. in heterogamous plants with two factors: the stability of the differences, and the 
degree of distinctness of the stable differences. 


THESIS 5 


Considering that only identifiable units for agricultural use should be called varieties, 
there remain non-identifiable units for agricultural use which may play a very important 
role in plant production because of differences in cultural value. 

These are: 


a. Selections within a variety. In general these selections should bear the name of the 

variety (as a basic unit) accompanied by the name of the breeder, or some sort of a 
trade word standing for the breeder’s name. 
A highly improved selection of a variety that is improved only in a non-contrasting 
character, so that it cannot be identified as a distinct new variety, might bear the 
name of the old variety with the addition of the word improved or of another appro- 
priate word. 

b. Hybrid varieties, i.e. all kinds of non-stable compositions of varieties or selections. 


The discussions on this point were not quite clear. As a consequence it is very 
difficult to formulate the feelings of the participants as well defined opinions. There- 
fore I will try to summarize the different aspects in a few words. 

In the first place I believe there was little divergence of opinion that a stable unit 
that differs in a small way only from another stable unit should be called a strain from 
the first unit, in heterogamous plants as well as in autogamous plants. A strain is 
essentially identifiable. 

In the second place it is clear, that the non-identifiable units within a ‘basic’ variety 
of a heterogamous plant are in a different position, as has been explained above. They 
are indicated here as selections. 

There are two difficulties: 


1. To take an example, the trade distinguishes three varieties of Langendijker Red 
Cabbage: Early Red, Autumn Red, and Storage Red. The selections of these 
three varieties form a continuous series from very early to very late. There are no 
natural breaks in this series. Therefore they can be separated only by a standar- 
dization procedure, which, as an artificial action, is always open to a difference 
of opinion. 
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2. Some selections may have been improved so much that they show an extraordinary 
difference in cultural value in comparison with the average of the ordinary selec- 
tions, without being properly identifiable in morphological or physiological char- 
acters. One would be inclined to have these exceptionally good selections indicated 
in a special way. 


Mr. NINNIN rejects the addition ‘improved’ to the name of the variety; he is in- 
clined to prefer a fancy name. But it is possible that he is speaking here of what has 
been defined above as a ‘strain’, that is an identifiable improvement not big enough 
to be called a new variety. In the Netherlands it is proposed to indicate such non- 
identifiable improvements as ‘special breeding products’, implying also the right to 
use a fancy name. 

In the third place there are different kinds of hybrid varieties. They may be com- 
posed of two, or of several lines. In ‘the course of years components may be 
replaced by other lines to get still better results. So, in the hands of a competent 
breeder, they will gradually improve, and show somewhat different characters, without 
losing their individuality. In general they will not belong to the category of identifiable 
units. In the Netherlands they belong under the heading of the ‘special breeding 
products’. 


THESIS 6 


Has been mentioned in the conclusion of the discussions on thesis 4. 


THESIS 7 


It must be possible to recommend not only varieties, but also non-identifiable units 
such as selections, non-identifiable improvements of varieties, and hybrid-varieties. 
Consequently they all must be indicated by names. But these names have a different 
character. 

Only identifiable units are fit for a proper name for themselves that can travel with 
them all over the world and through the years. 

The name of a non-identifiable unit may contain as an element the name of the true 
variety that is the basic unit and in addition an indication of the person or the company 
who is responsible for keeping it on a sufficiently high level; or it may be the latter only; 
but anyway here the essential character of the name is bound to the activity of the breeder; 
it ends as soon as his activity ends. 


1 believe there was not much difference of opinion on the essential meaning of 
thesis 7. But there was quite a discussion on the question if a controlled seed trade 
would be acceptable as a means to protect the breeders of non-identifiable units. As 
this was more or less outside the scientific purpose of the conference, it will not be 
discussed here. 1 should like to restrict myself to a few remarks on some of the con- 
sequences of different systems. 


Ll. One of the features of a controlled seed-trade is to promote the reduction of the 
number of maintenance breeders per variety. In the extreme every variety would 
be in one hand or in one combination of hands. In the case of heterozygous plants 
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the ordinary varieties and their selections might gradually be suppressed, leaving 
only those breeders who had the best ‘special breeding products’. This would shift 
the accent from the identification of the varieties to the inspection of the actual 
breeding work of the breeders, which might lead to a different attitude towards 
the problem of the accurate distinguishing and naming of varieties. 

2. Free competition may lead as well to the reduction of the number of breeding 
companies. To compete one will have to invest more and more money in the 
breeding work, so that a smaller number of larger companies or combinations will 
remain. This will promote the same tendency as mentioned above. In heterogamous 
plants each company will have its own ‘special breeding product’ and the ordinary 
selections will diminish in number and importance. 

3. In both systems this may lead to the tendency to call both identifiable and non- 
identifiable units varieties. This would not be so serious if only the scientific and 
the legal status of the identifiable and the non-identifiable units could be kept apart. 


SUMMARY 


A report is given of the discussions of the international conference on the standar- 
dization and the naming of vegetable varieties, at Wageningen, Netherlands, on 
August 27, 1955. Seven theses were discussed. 

The most important conclusions may be summarized as follows: 


1. There was general agreement that a unit for agricultural use should be acknow- 
ledged as a variety only if it is identifiable; that means that it can be distinguished 
from other varieties by clearly contrasting and stable differences. 

2. Several participants were of the opinion that a unit that differs in a stable but only 
small way from an older unit, should be called a strain from the older unit. 

3. There are also non-identifiable units for agricultural use: 

a. Simple ‘selections’ within a variety of a heterogamous plant. 

b. Highly improved but non-identifiable kinds of strains of varieties. 

c. Most hybrid varieties. 

The cause of non-identifiability is either that the differences are not contrasting, or 
not stable, or both. 

The simple selections within a variety of a heterogamous plant should have the 
name of the basic variety. The author’s opinion is that non-identifiable highly im- 
proved strains of a variety should have the name of the variety followed by a fancy 
name, or possibly a fancy name only; hybrid varieties always should have a fancy 
name to themselves. 

4, The scientific and the legal status of identifiable and non-identifiable units should 


be kept apart. 


SAMENVATTING 
Internationale conferentie over de standaardisatie en de benaming van rassen van 
groentegewassen, te Wageningen op 27 Augustus 1955. 
Zeven stellingen werden besproken. 
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De belangrijkste conclusies kunnen als volgt worden samengevat: 

. Er was algemene overeenstemming dat een eenheid voor agrarisch gebruik alleen 
als ras kan worden erkend als zij van andere rassen kan worden onderscheiden 
door duidelijk contrasterende en stabiele verschillen. 

. Verscheidene deelnemers waren van mening dat een eenheid die een stabiel maar 
gering verschil vertoont met een oudere eenheid, een ‘strain’ van de oudere eenheid 
moet worden genoemd. 

. Er zijn ook niet-identificeerbare eenheden voor agrarisch gebruik: 

a. Gewone selecties binnen een ras van een kruisbestuiver. 

b. Sterk verbeterde maar niet-identificeerbare kweekproducten van een ras. 

c. De meeste hybride rassen (F‚-rassen). 

De oorzaak van niet-identificeerbaarheid is òf dat de verschillen niet contrasterend 
zijn, òf niet stabiel, òf beide. 

De gewone selecties binnen een ras van een kruisbestuiver behoren de naam van het 
ras te dragen. Naar de mening van de schrijver behoren niet-identificeerbare kweek- 
producten de naam van het uitgangsras plus een fantasie-naam te dragen, of alleen 
een fantasie-naam; hybride rassen behoren altijd een fantasie-naam te hebben. 

. De wetenschappelijke en de wettelijke status van identificeerbare en niet-identi- 
ficeerbare eenheden behoren te worden uiteengehouden. 
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INTRODUCTION 


The walnut, Juglans regia, is not indigenous to the Netherlands; it was probably 


n CZ 
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NUMBER OF NUT-TREES 
IN THE NETHERLANDS 


Fig. 1. THE OCCURRENCE OF NUT TREES IN THE NETHERLANDS (Data from the C.B.S., © — 25 trees) 
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introduced into this country by the Romans. Later Charlemagne did much to spread 
it. In the Middle Ages many nuts were already commercialized. The situation did not 
alter much until the beginning of this century, when nut-trees were still large in 
number in our country; unfortunately reliable records of this number are not available 
but a rough estimate is some hundreds of thousands. 

The number of trees has much decreased since then. Recently, however, as a result 
of research work and the search for better varieties, more interest has been taken in 
nut growing. 


CAUSES OF THE DECREASE IN NUMBER OF NUT-TREES 


Among the causes of this decrease we may mention: 

L. an economic one: increasing lack of soil compels the growing of crops which, by 
breeding and improvement, become more profitable, whereas no work has been done 
on the seedling nut, which occupies too much space and is often low in productivity 
and fruit quality, or both; 

2. a military cause: in the first world war all nut-trees with good trunks had to be 
felled for the manufacture of rifle-butts; 

3. a psychological cause: in general seedling nuts are very slow to come into bearing; 
at present growers no longer have enough patience — apart from the economic motive 
— to wait very long; 

4, a matter of waterway engineering: formerly many trees were grown along the 
river-dikes; this is no longer allowed. 

As a result the number of nut-trees had decreased to a low level before the second 
world war; the trees which were still found were all seedlings and not properly cared for. 

During and immediately after the second world war the interest in the walnut 
became greater, probably due to its high calorific value and high prices. But as soon 
as normal food supply had been restored the interest in the nut rapidly decreased. If 
nothing else had happened, no doubt the number of trees would have gradually 
decreased to an odd tree here and there on farmgrounds, or with amateurs (who grow 
them for the fresh fruit). But something did happen: it was made the object of some 
research. 


Ed 


RESEARCH HAS STARTED 


First, it was ascertained whether such research would be a paying proposition, in 
other words, if it would be possible to grow nuts profitably under Dutch conditions, 
with varieties that could face the competition of imported nuts, and of other crops in 
view of the relative scarcity of available land. When this appeared probable, research 
into good varieties as well as research on propagation was started. 


PROPAGATION OF NUT TREES 


Grafting or budding nuts in the open is practically impossible. Hence formerly the 
culture did not make any progress. One always had to sow again even if good varieties 
were available, and the nut does not breed true from seed. Much research has been 
carried out to find a satisfactory grafting method, but it was shown again and again, that 
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Fi. 2. PRODUCTION IN THE 2ND YEAR AFTER GRAFTING 
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in our climate it is not possible to graft out of doors. A method of use to nurserymen 
has been developed by Mr. FLOOR, of our Institute. The method is now being applied 
by the Dutch nurseries. In the present paper 1 will not go into it in detail, but will 
restrict myself to saying that grafting is carried out in a closed case, under a certain 
constant humidity and at a certain constant temperature. The quality of scionwood 
and stocks, and controlled conditions proved to be more important than the method 
used. 


SEARCH FOR BETTER VARIETIES 


Good varieties were, and are, collected in 2 different ways: on the one hand the 
most important foreign varieties are imported and tested; on the other selections are 
carried out among Dutch seedling material. 


Fig. 3. THE CONTENTS IS MORE IMPORTANT THAN THE SIZE (AT LEAST FOR THE 
CONSUMER); BOTH NUTS HAVE AN EQUALLY HEAVY KERNEL (3.1 G), WHILE 
THE LARGEST WEIGHS 14 G AND THE OTHER ONE ONLY 6.5 G 


For the time being only such foreign varieties are imported as are grown in climates 
which do not differ greatly from ours; in addition, of these varieties as many fruits 
as possible are examined in order to see whether they meet our requirements. 

The search for good Dutch seedlings is made in different ways. For instance a prize 
was offered for the best nut, and appeals are regularly made in the agricultural 
journals for sending in good nuts (for which prizes are offered as well). Furthermore 
the officers of the Advisory Service, and of the Netherlands General Inspection Service 
for Arboriculture (N.A.K.-B.), as well as other persons, look out for good trees. 
Finally we ourselves travel about the country to judge the mother-trees which have 
already been selected or are under investigation. During these travels we often come 
across new well-bearing trees, which are then included in our investigations. 

The standards, on which seedling selection is based are the result of economic 
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research into the possibilities of culture. The trees have to be sufficiently fruitful (on 
an average at least 20 fruits per square m crown-section), and healthy; flowering 
should occur as late as possible. The dry fruit-weight has to be at least 9 grammes 
apiece; fruits should not be too narrow (oblong), and must be well-filled (at least 40 % 
of kernel), well-closed, easy to open, attractive in appearance (colour and surface), and 
have a fine, preferably gold-coloured kernel which can be easily taken out of the shell. 

The seedlings which come up to these requirements are observed for a number of 
consecutive years (and judged for their fruits). If they remain good, they are submitted 
to a Nut Committee for approval. This Committee is composed of representatives of 
the Inspection Service and of the Advisory Service, of producers, growers and con- 
sumers. The origin of approved varieties is passed on to the Inspection Service which 
sees to it that scions are supplied to the nurserymen. In addition, a list of approved 
varieties is published yearly in the agricultural periodicals and the Netherlands List of 
Fruit Varieties. 

The mother-trees of approved varieties are kept under observation for some years. 
In addition, some daughter-trees are planted in our experiment garden, and at a num- 
ber of trial fields all over the country. 

Only very few Dutch seedlings have so far been approved; many promising varieties 
have in the long run given results that were unsatisfactory in one or more respects. 
Two of the approved selections already bear a name, viz. Bell and Van Toor; the 
third is so far still indicated by a number only (5110). No 5110 is a good pollinator 


Fig. 4. SURVEY OF PART OF THE NUT SELECTION FIELD AT ELST 
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for the majority of the Dutch, German and French varieties, and can also be 
pollinated itself by these varieties. 

German and French varieties cannot yet be approved, as there have been no trees to 
be judged; thus fruitfulness could not be determined. Yet these varieties, too, are 
being propagated and recommended for trial, on account of 1. the good reputation of 
the French varieties and of the German selectors, 2. the lack of scionwood (at least at 
first) of the Dutch selections, and 3. the risks involved in planting Dutch selections 
only. The question of suitable varieties will have to be finally settled by the experi- 
menters and the practical growers. 


CONCLUSION 


When it appeared that nuts could be grown profitably in the Netherlands, publica- 
tions on this matter were inserted in the journals, also with the hope of discovering 
sources of good seedlings. A flood of letters asking for information was the result. 
Letters are still coming in regularly, mostly from people who want to plant. The more 
official bodies also show an increasing interest in this crop. Thus the data on the nut 
has also been included in the List of Varieties during the last few years. 

Nuts are now planted more widely; instead of the few trees which used to be planted 
here and there, larger areas, covering several hectares, are being planted yearly. 
Practically all the nuts which are now being planted are grafted trees, instead of the 
seedlings which used to be planted. 


SUMMARY 


The reasons of the decrease in the number of walnuts grown in the Netherlands are 
discussed. 

The increased interest during and shortly after the war disappeared soon afterwards, 
because of the fact that one could not plant grafted trees. It mostly takes very long 
before seedlings come into bearing, and in addition many seedlings bear fruits of 
poor quality, and small size. 

Economical and technical research showed that it will be possible to grow walnuts 
commercially in the Netherlands. Therefore a practical propagation-method was 
developed by Mr. FLOOR, and good seedlings were selected for propagation in com- 
bination with a number of good foreign varieties. 

The demands to be made upon varieties and seedlings to be approved are discussed, 
as well as the way in which tbe search for these seedlings is organised. 

The approved varieties are described in the List of Fruit Varieties; the mother trees, 
and afterwards the daughter trees which are planted in trials, are inspected for a 
number of consecutive years in order to know which are the best varieties. The fruits 
too are inspected. 

The best Dutch varieties are Bel and van Toor; a pollinator for these varieties and 
the foreign ones is 5110. 

Since grafted nut trees can be bought from some nurseries, the planting of nuts for 
commercial purpose is increasing. 
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SAMENVATTING 


Research opende nieuwe perspectieven voor de notenteelt in Nederland 


In het begin van deze eeuw bedroeg het aantal notebomen in ons land enige hon- 
derdduizenden. Dit waren zaailingen. Door economische, militaire en psychologische 
oorzaken werden een groot aantal bomen gerooid, terwijl dit ook geschiedde als gevolg 
van de voorschriften dat notenbomen niet meer langs rivierdijken mogen staan. 
Bovendien werden er weinig noten geplant. 

Dank zij het rassenonderzoek en het ontwikkelen van een voor noten geschikte 
entmethode is het thans mogelijk aanbevelenswaardige rassen te vermenigvuldigen en 
daardoor de notenteelt op hoger niveau te brengen. Als gevolg hiervan neemt de be- 
langstelling voor de notenteelt toe. 

De Rassenlijst voor Fruit geeft een overzicht van de aanbevelenswaardige rassen 
terwijl de voorziening van enthout geschiedt onder toezicht van de N.A.K.-B. 
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INTRODUCTION 


The relatively poor germination of carrot seed is a weak spot in the production of 
good seed for both breeding and commercial purposes. This is known the world over 
and more or less accepted as a normal character of carrot seed. Also in the Nether- 
lands it is a major problem of carrot seed production, to which a new one was added 
when in 1947 and 1949 serious reductions in the seed yield were experienced in various 
parts of the country. 

This reduced yield resulted from a disorder, referred to in this paper as the “seedless 
umbels”’ disorder, which can be described as follows. The affected umbels are con- 
spicuous, particularly in the seed-ripening period. At this stage normal umbels are 
fully expanded, their flat upper surfaces become light-coloured and woolly in ap- 
pearance due to the long hairs on the numerous seeds. The seedless umbels, however, 
have a dark brown colour, the peduncles of the umbellets are standing close together 
with their tops turned inwards over the centre of the umbel. 

Examination of affected plants by phytopathologists produced a negative result. 
Attempts to establish correlations with soil types and cultivation practices were also 
unsuccessful. 

Therefore in 1951, at the special request of DR. C. RIETSEMA, Horticultural Ad- _ 
visory Officer at Hoorn, province of Noord-Holland, the investigation was taken over 
by the department of flower biology of our Institute. 


PRELIMINARY OBSERVATIONS AND REVIEW OF LITERATURE 


A preliminary investigation showed that in the ovaries of affected umbels production 
of gametes, pollination, fertilization and initial development of endosperm and em- 
bryo proceeded quite normally, but that later on a sudden check in the growth of 
the young fruits occurred, accompanied by abortion of endosperm and embryo (1). 
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As bugs were sometimes found on carrot umbels collected in the field, and as in- 
jury resulting from the feeding of bugs seemed to us an acceptable explanation of the 
symptoms observed, we have concentrated our attention on the activity of these 
insects. 

When in July 1953 our search for bugs was started we found adults and nymphs, 
sometimes in large numbers, on umbels in nearly every carrot field visited in Noord- 
Holland, as well as on carrot plants flowering in the experimental garden of the In- 
stitute at Wageningen. The majority of the collected animals proved to belong to the 
species Lygus campestris L. and only a few to the species Anthocorus nemorum L. 
Our sincere thanks are due to Mr. W. H. GRAVENSTEIN in Amsterdam for his valuable 
help in identifying the bugs collected in the field or used in our experiments. 

FLEMION and her colleagues at the Boyce Thompson Institute for Plant Research 
have made a comprehensive study of the reasons for poor germination generally 
occurring in Umbelliferae. They found that the seeds from plants belonging to this 
family (including carrots) often contain a normal endosperm but no embryo, and that 
the low germination percentage was due to these embryoless seeds (2,3). Further in- 
vestigations revealed that embryoless seeds were produced almost exclusively after 
plant bugs belonging to the genus Lygus had been feeding on the umbels (4). In this 
case the test plant was dill (Anethum graveolens L.) and the attacking insect the 
tarnished plant bug (Lygus oblineatus SAY). 

The results from these American investigations were of importance for the solution 
of our own problem. In the first place they showed that in Umbelliferous plants the 
feeding of Lygus bugs can result in embryo abortion. We had encountered numerous 
bugs of the species Lygus campestris on carrot plants in fields around Hoorn, the 
area where seedless umbels have been reported most frequently, and found that the 
check in fruit development of the affected umbels is correlated with abortion of the 
embryo. If the seedless umbels in the carrot are caused by Lygus campestris in the same 
manner as embryoless seeds result from feeding injuries of Lygus oblineatus, this 
would explain not only why in both cases there is no relation with heredity of the 
plants, soil condition, application of fertilizer or spacing of the plants (3), but also 
why there are such large variations in the occurrence in different localities and different 

ears. 
à More arguments for the conception that in Umbelliferous plants both a low ger- 
mination percentage due to embryoless seeds and a reduction in the seed production 
due to a check in fruit development may result from the feeding of bugs belonging 
to the genus Lygus are to be found in the literature. 

FLEMION and HENRICKSON (3) detected embryolessness in seed grown in Holland, 
Denmark, North Africa, Egypt, Norway and several areas in the United States. 
FLEMION, POOLE and OLSON (4) found that in addition to embryolessness the feeding 
of Lygus oblineatus on flowering umbels of dill resulted in a reduction in the seed 
yield. In Canada, HANDFORD (7) recorded a reduction in the seed production in the 
carrot when Lygus campestris was found in the fields. 

For the sake of completeness we mention here the articles by FLEMION and OLSON 
(5), FLEMION and MAC NEAR (6), WAGN (11) and ROBINSON (8). These articles came 
into our possession when we had almost finished our work, and will be treated in the 
discussion of our results. 
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EXPERIMENTAL RESULTS 


Our experiments have been based on the following working hypothesis: 

The feeding of Lygus campestris on umbels of the carrot may cause a reduction in 
the seed yield due to a check in the development of the young fruits and a reduction 
in the germination percentage due to embryolessness. The former injury is identical 
with the “seedless umbels” disorder. 

To prove this, bugs of the species Lygus campestris were brought upon the umbels 
of carrot plants. Preliminary experiments were started in 1953. The next year our 
first definitive experiment was carried out and it was repeated in 1955. We proceeded 
as follows. Carrot plants of the variety Amsterdam Forcing were brought into a green- 
house with a constant temperature of 17°C. When the main flower stem had been 
formed, the plants were transferred to small insect-proof glasshouses; at least four 
plants were placed in each glasshouse. Flies of the species Phormia terranovae RD. 
were introduced as soon as the first umbels started flowering to ensure satisfactory 
pollination. The flies were supplied to the plants till the end of anthesis of all the main 
umbels. Only these primary umbels have been examined. The plants were divided 
into three groups: 


À. Plants with bugs added during anthesis, i.e. during periods from + 1 week before 
until + 12 days after the first flowers of the main umbel had opened. 

B. Those with bugs added after the seeds had set, te. + 3 weeks after the beginning 
of anthesis of the main umbel. 

C. The control plants, without bugs. 


The bugs were kept on the plants until harvest. At about the end of August when 
the seeds of the main umbels were ripe, they were harvested and examined imme- 
diately. The experimental results in 1954 and 1955 agree well, and can consequently 
be discussed together. 

It was established that by adding bugs of the species Lygus campestris to 
umbels of the carrot, symptoms could be produced that were identical with those 
of the seedless umbels observed in the field. Especially in group A, where bugs had 
been added before or during anthesis, most of the umbels had the appearance 
characteristic of this disorder. Many fruits were undeveloped or only partially so, 
the peduncles of the umbellets standing upright, the outer ones being turned inward 
over the central ones. The affected umbels differed appreciably in appearance from 
the normally developed umbels of group C,‚ where no bugs had been added. Here the 
umbels had flattened out because of the large number of well-developed fruits the 
long setae of which gave a woolly and light coloured appearance to the upper surfaces 
of the umbels. In group B, where the bugs had been added after fertilization, the 
development of the umbels seemed to be as good as in the control plants. 

After a more detailed examination of the seed umbels the following facts were 
established. Under-sized fruits also occurred in the control group C. Here they were 
not conspicuous, because sufficient normal seeds were present to give the umbel the 
normal full appearance. The under-sized fruits in this group were all very small, being 
no larger than the ovaries in just expanded flowers. Also in field-grown wild and cul- 
tivated carrot plants these undeveloped ovaries have been found in seed umbels (1). 
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Apparently in carrots a number of ovaries always remain undeveloped due to in- 
sufficient pollination, defective fertilization or possibly some other cause. In group A 
only few normal seeds were produced and the majority of the fruits remained small. 
Among them were the undeveloped ovaries just described, but also an appreciable 
number of partially developed fruits. In group B the number of normal seeds was 
quite large, the under-sized fruits mainly consisted of undeveloped ovaries and to 
some extent of partially developed fruits. 

The effect of Lygus bugs on seed development in the carrot is depicted in Fig. 1. 
The upper two photographs show two typical seed umbels from treatment A (bugs 
added before and during anthesis). Lower left: an umbel from treatment B ( bugs 
added after anthesis) and lower right: an umbel from treatment C (control). 

Attempts were made to assess quantitatively the detrimental effect of Lygus on the 
seed production of the carrot. After the primary seed umbels of the 1955 experiment 


FIG. 1. PRIMARY UMBELS FROM THE 1954 EXPERIMENT. ABOVE: TWO UMBELS FROM TREATMENT À (BUGS 
ADDED BEFORE AND DURING ANTHESIS). LOWER LEFT: UMBEL FROM TREATMENT B (BUGS ADDED 
AFTER ANTHESIS). LOWER RIGHT : CONTROL 
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had been harvested, the normally developed seeds were removed and counted and 
then the under-sized fruitlets remaining on the umbels were also counted. Each ovary 
can develop into a bilocular schizocarp, consequently it has the potential ability 
to produce two “seeds”. Addition of the number of under-sized fruits and half the 
number of normal seeds gives the total number of ovaries per umbel. The results of 
these counts are given in Table 1. 


TABLE 1. THE 1955 EXPERIMENT. EFFECT OF Lygus BUGS ON SEED PRODUCTION OF PRIMARY UMBELS 
IN THE CARROT VARIETY Amsterdam Forcing 


Serial Rd Averages per treatment 
Treatment no. of Number of | Number of | Number of | Number of | Number of 
plant ovaries normal ovaries normal seeds per 
seeds seeds ovary 
a b c d | e Ù g 

A l 1572 513 
Lygus added a few 2, 1440 469 

days before or 3 1534 482 1545 432 0.28 
during anthesis 4 1393 687 
5) 1719 SN 
6 1628 321 
7 1529 227 
: B 8 2037 436 
Lygus added after 9 1903 1092 

anthesis 10 2181 693 2084 167 0.32 
11 2185 759 
2 2101 591 
13 2098 1034 
€ 14 2132 1129 

Control. No Lygus 15 1994 914 2054 910 0.44 
added 16 2036 688 


Column f of the table shows that the average number of normal seeds per umbel, 
which is 910 in the control, is reduced to 413 when the bugs are present before and 
during anthesis and to 767 when they are brought on the plants after the setting 
of the fruits. 

The larger reduction in the seed production in treatment A, as compared with 
treatment B, must be ascribed to the fact that the flowers are more easily injured by 
the feeding of the bugs than are the young fruits. From column e in Table 1 it may be 
seen that the average number of ovaries per umbel is reduced by about 1/4 in treat- 
ment A, but that in treatment B it is the same as in the control. Apparently a number 
of the flowers have been injured to such an extent that they were killed and abscised 
in an early stage. However, the high sensitivity of the flowers to attacks by Lygus bugs 
is not only shown by the abscission of flowers but even more by the arrested growth 
of the young fruits. In column g of Table 1 it is shown that the number of normal 
seeds produced by each ovary amounting to 0.44 in the control, is reduced to 0.32 
in treatment B and even to 0.28 in treatment A. 

As has already been mentioned in the general description of our results a number 
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of the ovaries in the umbels of carrot show no development at all. From the data in 
Table 1 we see that their number is unexpectedly high. The number of seeds per ovary 
in the control group (C) is 0.44 where it could have been as high as 2.0. 

To find out whether Lygus bugs on umbels of carrots are responsible both for a 
reduction in yield and in germination capacity, we have subjected seeds obtained 
from the 3 treatments of both experiments to a germination test. Fifty apparently 
normal seeds from each primary umbel were placed on moist filter paper in Petri 
dishes. The Petri dishes were incubated in the dark for 14 days at a temperature of 
25°C. After determining the germination percentage, the seeds that had not germi- 
nated were cut into halves under a dissecting microscope and their contents ekamined. 


TABLE 2. THE 1955 EXPERIMENT. REDUCTION IN GERMINATION PERCENTAGE IN CARROT SEEDS CAUSED 
BY Lygus campestris 


Number of seeds Average percentage 
Serial | No. of per plant per treatment 
Treanenk ee sande Germi- | Net germinated | Germi- | Not germinated 
nated | Healthy | Injured | nated [Healthy | Injured 
a | b | Cc | d | e | ij | g h i 

JN 1 50 31 3 16 
Lygus added before D 50 26 4 20 
and during anthesis 3 50 Di 4 19 

4 50 6 9 35 38 11 51 

5 50 9 4 Bi (33) 5) | (12) (55) 
6 50 2D 3 25 
7 50 11 11 28 
B 8 50 24 6 20 
Lygus added after 9 50 26 5 lS) 

fruit set 10 50 5 4 9 65 8 Dil 

11 50 33 6 1 (69) (5) (26) 
12 50 39 1 10 
13400 BRESO 36 1 13 
@ 14 50 48 2) = 

Control. No Lygus 15 50 47 2 l 94 4 2 

added 16 50 46 2 7 (88) (6) (6) 


1) The figures in parentheses relate to the experiments of 1954. 


In Table 2 the results of the germination test are given. Column g shows that in 
1955 the mean germination percentage of 94 in the control was reduced to 38 when 
the bugs were present on umbels during the flowering stage and to 65 when the bugs 
were added after anthesis. This is in close agreement with the results of 1954 when the 
corresponding figures were 88 %, 33 % and 69 %. In this respect, too, Lygus proves 
to be more harmful in the earlier stages of development of the umbels than later on. 

In the non-germinating seeds 3 categories could be distinguished: 1. Seeds contain- 
ing a normal endosperm and a normal or sometimes somewhat smaller embryo. 
“Dormant” seeds have been repeatedly found in Umbelliferous plants (8). The slight 
increase in the percentage of these “healthy” seeds in treatment A of Table 2 is proba- 
bly due to the fact that seeds with small injuries may have been erroneously placed 
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by us in this category. 2. Embryoless seeds possessing a normal endosperm, which 
encloses a cavity instead of the small embryo. 3. Decayed seeds which sometimes show 
fungal growth on the seed-coat and the contents of which have been converted to a 
gelatinous or pasty substance. The latter two kinds of seeds are classed together as 
“injured” seeds in Table 2. Only in the treatments where Lygus bugs have been added 


TABLE 3. THE 1955 EXPERIMENT. PRODUCTION OF OVARIES, SEEDS AND VIABLE SEEDS BY Lygus INFESTED 
CARROT PLANTS EXPRESSED AS PERCENTAGES OF THE PRODUCTION BY CONTROL PLANTS 


Treatment Ovaries Seeds Viable seeds 
A. Lygus added before and 150 47% 19 % 
during anthesis / 
B. Lygus added after 101 % 84 % 58 % 
anthesis 


do these seeds occur in appreciable numbers, and consequently must be regarded as 
the typical results of the feeding of these insects. 

In order to assess the total damage that can be caused by Lygus campestris to the 
seed production of carrots we have summarized the data given in Tables 1 and 2. 
This summary is presented in Table 3, in which for the treatments A and B of the 1955 
experiment the average number of ovaries, full-grown seeds and viable seeds is ex- 
pressed as a percentage of the numbers produced in the control. 

Table 3 shows clearly that, depending on the moment at which the attack is made, 
the Lygus bug causes a reduction in the total yield of carrot seed varying from 16 % to 
53 %, while the yield of viable seeds is reduced by 42 % to 81 %. 

In addition to the above experiments, a microscopical investigation was made of 
the internal condition of under-sized fruits from affected umbels both of field-grown 
plants and of plants grown in our Lygus experiments. The material was fixed in 
Navashin modified by RANDOLPH, or in F.A.A. Then it was embedded in paraffin and 
cut with a microtome. The sections were stained with haematoxylin using the method 
of HEIDENHAIN or with safranin and Fast Green, and then mounted in Canada balsam. 

On examining the slides we found that in most of the undeveloped ovaries fertili- 
zation had not taken place; any pollen grains that were present on the stigma had 
not germinated or the pollen tubes had not penetrated far into the stigma. In slightly 
larger but backward fruits, however, fertilization had taken place. The embryo sac 
contained a many-celled endosperm and often a very small filamentous embryo. 
The pericarp and integuments did not show any abnormalities, but the endosperm 
presented a very atypical appearance due to local disorganisation of the endospermal 
tissue. In some preparations only a small part of the endosperm was affected, but in 
others the disintegrated spots coalesced so that only remnants of the endosperm and 
embryo were visible. When staining with haematoxylin the affected parts were 
conspicuous for a marked absorption of the stain. With safranin and Fast Green, 
however, they were not more markedly stained than the normal endosperm, and 
looked like cavities filled with remnants of tissue (Fig. 2). 

A fact which was important to us was that the same picture was shown both by 
field material and material from our Lygus experiments, and that this picture was not 


152 


Fig. 2 


SECTIONS OF SMALL CARROT FRUITS, 
X 30. UPPER LEFT: NORMAL DEVEL- 
OPMENT. UPPER RIGHT: BACKWARD 
FRUIT COLLECTED IN THE FIELD. 
LOWER LEFT : BACKWARD FRUIT FROM 
TREATMENT B OF THE 1955 EXPERI- 
MENT. THE FIRST TWO SECTIONS 
STAINED WITH HAEMATOXYLIN, THE 
LAST WITH SAFRANIN AND FAST 
GREEN 


VONK EO SAND ET MEMBRAAN 


FIG. 3. SECTIONS OF SMALL CARROT FRUITS SHOWING FEEDING PUNCTURES BY Lygus. 
UPPER LEFT: BACKWARD FRUIT COLLECTED IN THE FIELD, X 20. UPPER RIGHT: 
THE SAME, X 80. LOWER LEFT: BACKWARD FRUIT FROM TREATMENT A OF THE 1955 


EXPERIMENT, X 20. LOWER RIGHT: THE SAME, X 80. 


REDUCTION OF CARROT SEED IN RELATION TO LYGUS CAMPESTRIS L. 


Fig. 4. Lygus campestris FEEDING ON YOUNG FRUIT OF THE CARROT, X 15. 


inconsistent with the supposition that the destruction of the endosperm was caused by 
the feeding of bugs. 

At first we did not find any perforations of the pericarp caused by the feeding of 
bugs. When observing the behaviour of bugs on umbels we noticed, however, that 
Lygus campestris feeds not only on the peduncles of umbels and on pedicels, but also 
on ovaries and fruits. We often saw that bugs examined the surface of a fruit for a 
little while and then, by bending the proboscis, uncovered the stylets and inserted them 
into the tissue. Fig. 4 shows a bug feeding on a young fruit. The stylets and backwards 
hinging doubled proboscis are clearly visible. We could not confirm the statement by 
WAGN (11) that the bugs prefer a particular region of the fruit for feeding. 

A close examination of slides stained with safranin revealed that 


a. disintegration of the contents of the ovule was often accompanied by perforations 
of the pericarp; 

b. both seeds of a fruit showed feeding punctures; 

c. feeding punctures were present both on material from our bug experiments and on 
field material (Fig. 3). 


DISCUSSION 


From the results of these experiments we may conclude that our working hypothesis 
is correct. This means that in the Netherlands Lygus campestris must be regarded as the 
cause both of the reduction in seed yield of carrots known as the “seedless umbels” 
disorder, and of the low germination percentage of carrot seed well-known of old. 
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In addition our experiments have shown that the two forms of bug injury become 
more serious when the carrot umbels are affected at an earlier stage of development. 

The theory mentioned earlier in this paper to the effect that both types of bug 
injury may be caused by several species of the genus Lygus in different Umbelliferous 
crops is supported both by the results of our own experiments and by data in the 
following publications, which did not come into our possession until we had nearly 
finished our investigations: WAGN (11) found that the seed of caged carrot umbels 
showed a reduction in germination percentage due to embryolessness when the cages 
contained bugs of the species Lygus campestris L., L. kalmi L., L. pubescens REUT. or 
L. pratensis L. In caged plants of Umbelliferous crops, including carrot, FLEMION and 
OLSON (5) noticed a reduction both in germination percentage and in seed yield when 
bugs of the species Lygus oblineatus SAY were present. Finally FLEMION and MAC 
NEAR (6) found that in dill (Anethum graveolens L.) and fennel (Foeniculum dulce 
Mir.) Lygus oblineatus caused a reduction both in germination percentage and in 
seed production, and that both forms of injury became more serious when bugs were 
added at an earlier developmental stage of the umbels. 

In view of the probably general occurrence of the discussed injuries it is of interest 
to attempt a rough estimate of the damage caused to seed production in practice. 

Exact data on the reduction in seed yield from field-grown plants are not available. 
However, on combining the figures obtained in our experiments with the field data 
given by HANDFORD (7) it will be seen that in carrots Lygus campestris causes a loss 
of about 40 % of the total yield. To be on the safe side we will assume for our calculation 
a reduction of only 25 %. On the germination percentage of field-grown Umbelliferous 
crops sufficient figures are at hand. 


TABLE 4. GERMINATION STANDARDS FOR SOME UMBELLIFEROUS CROPS 


Crop U.S.A. Netherlands 
Carro (DaLEnskCc Hot DS 61 
Gele Ap umer arco en sl 52 5 
Parsley (Petroselinum sativum HOFFM.) …...... 60 76 
Bärsmipi(Rastinacarsativanl sen 60 84 


Table 4 shows the standard germination percentages of 4 Umbelliferous crops 
required in the United States and in the Netherlands. The figures are derived from the 
articles of ROBINSON (8) and from the Dutch Horticultural Guide (10) respectively. 

In our calculations we will restrict ourselves to the damage caused to seed pro- 
duction of carrots in the Netherlands. We assume that the reduction in yield and 
germination averages 25 % and 40 % respectively. For the production of carrot seed 
in the years 1951-1954 the following average figures are supplied by official sources 
(9, 10): Area 133 hectares, yield 60,000 kg (viable seed only 36,000 kg), value 213,000 
guilders. In the absence of Lygus bugs only 75% X 60%, ie. 45 % of the present 
acreage would be needed for the production of the same amount (36,000 kg) of viable 
seed. In this manner costs would be reduced to about one half. 

As stated above the outcome of this calculation should be regarded as a rough 
estimate. Nevertheless this estimate is reliable enough to conclude that the damage is 
considerable. Since Umbelliferous crops are grown in most parts of the world, and 
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bugs of the genus Lygus have a wide distribution, we may assume that the damage caused 
by bugs in all parts of the world represents a very high amount. To conclude with we 
should therefore like to draw attention to the desirability of achieving in the near 
future an effective control of Lygus bugs on the flower heads of Umbelliferous crops 
by the co-operation of entomologists and phytopathologists. 


SUMMARY 


Research was carried out into the cause of a disorder occurring in seed plants of 
carrots characterized by backward fruits and resulting in a reduced seed yield. 

It appeared that both fertilization and initial development of the endosperm and 
embryo were normal, but that later on a sudden check in the growth of the fruit 
occurred, accompanied by disintegration of the contents of the ovule. 

Bugs of the species Lygus campestris L. were found to occur in considerable num- 
bers on the seed plants of carrots. In experiments a reduced seed production with the 
same macroscopic and microscopic symptoms could be obtained when bugs were 
added to caged carrot umbels. 

It could be established that the presence of bugs caused not only a reduction in the 
seed production due to abortion of endosperm and embryo, but also a reduction in 
the germination percentage of the full-grown seeds due to embryolessness. 

When the bugs were brought on the umbels before or during anthesis the reduction 
in seed viability and expecially the reduction in seed production proved to be more 
serious than when the bugs were added after anthesis. 


SAMENVATTING 


Verminderde zaadopbrengst van de peen en kiemkrachtsvermindering van het zaad als 
gevolg van het voorkomen van de wants Lygus campestris L. 


Een onderzoek is ingesteld naar de oorzaak van een kwaal van zaadplanten van 
peen, welke gekarakteriseerd is door het klein blijven van de eh en welke aan- 
leiding geeft tot een verminderde zaadopbrengst. 

Het onderzoek bracht aan het licht, dat bevruchting en de aanvankelijke ontwik- 
keling van endosperm en embryo normaal verliepen en dat daarna plotseling stilstand 
in de groei van de vrucht plaats vond, gepaard gaande met gedeeltelijke of totale 
desintegratie van de inhoud van de zaadknop. 

Wantsen van de soort Lygus campestris L. bleken op zaadplanten van wortels veel- 
vuldig voor te komen. In proeven, waarbij deze wantsen opzettelijk op geïsoleerde 
bloemschermen van peen gebracht werden, trad eveneens een verminderde zaad produc- 
tie op met de hierboven vermelde macroscopische en microscopische symptomen. 

Vastgesteld kon worden dat bij aanwezigheid van wantsen niet alleen een vermin- 
dering van de zaadopbrengst berustend op abortie van endosperm en embryo optrad, 
maar ook een verminderd kiempercentage bij de normaal uitgegroeide zaden berustend 
op embryoloosheid. 

Wanneer de wantsen voor of tijdens de bloei op de schermen gebracht werden, 
waren de kiemkrachtvermindering en vooral de vermindering in de productie van 
volgroeide zaden ernstiger dan wanneer de dieren na de bloei werden toegevoegd. 
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In differentiating barley varieties by reference to the grain we have at our disposal 
a number of morphological characteristics of a qualitative nature, which enable us to 
formulate, without difficulty, a system of classification on the basis of which varieties 
or groups of varieties can be clearly distinguished from each other. 

These differences in character, which may be regarded as primary differences, con- 
sist in: 


1. the hairiness of the rachilla; 

2. the occurrence of spicules on the lateral nerves of the lemma; 
3. the occurrence of red pigment in the nerves of the lemma; 

4. the fine hairs on the palea, along the ventral crease. 


By reference to these characters, the following classification can be made: 


la. rachilla short-haired Piroline 

b. rachilla long-haired J 
Za. edges of the ventral crease glabrous 3 

b. edges of the ventral crease hairy 5 
3a. lateral nerves smooth 4 

b. lateral nerves with teeth Mansholt’s Two-rowed 
4a. nerves without red pigment Balder 

b. nerves with red pigment Carlsberg, Herta, Kenia 
$a. lateral nerves smooth Saxonia 

b. lateral nerves serrated Agio, Minerva 


It will be seen that, when classified in this way, the varieties Carlsberg, Herta and 
Kenia, and the varieties Agio and Minerva, remain together in small groups. 

The variety Balder has been separated from the group comprising Carlsberg, Herta 
and Kenia on the grounds of the complete absence of pigment in the nerves of this 
variety. This separation concerns the qualitative difference of the inability to form 
anthocyanin on the one hand, and the ability to produce pigment on the other. 

Furthermore, among the varieties able to produce pigment, that ability is developed 
to greatly varying degrees. Owing to this, it is also possible to differentiate these 
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varieties on the grounds of the development of anthocyanin in the nerves; but this is a 
quantitative difference. In addition, a certain degree of variation within the variety, 
resulting from modification, intervenes to obscure the picture. In certain varieties, the 
pigment can have developed so poorly in some of the grains as not to be observable. 
This may sometimes be the case, for instance, with Carlsberg. The occurrence of 
grains with colourless nerves presents a problem in so far that it cannot be said of 
these with certainty that they might not possibly belong to the variety Balder. Con- 
versely, the absence of grains with coloured nerves in a bulk of Balder is likewise no 
absolutely reliable guarantee that the latter is entirely pure and varietally unadult- 
erated. As has been explained in a previous article (Het onderscheid tussen Kenia en 
Balder zomergerst bepaald aan de korrel (The difference between Kenia and Balder 
summer barley, determined from the grain), Sixteenth NaCoBrouw Yearbook, 1952), 
the question as to whether or not pigment has been formed can best be decided from 
soaked seed. The brownish tint of the nerves of dry seed, caused by pigment, changes 
after soaking into a distinct, sharply defined red. A further means of ascertaining 
the capacity to form pigment results from observations of seedlings. In the case of 
any variety capable of forming pigment, the young plant, two leaves of which have 
unfolded, will develop a red tint in the sheaths under conditions of low temperature 
and abundant light. 

What possibilities still remain of achieving a determination within the groups of 
varieties which have not, as yet, been differentiated ? 

Meticulous observation has shown that certain differences in general appearance 
exist between the kernels of these varieties. This general appearance, the total “face” 
of a variety, is always the sum of a number of features. The character of the variety 
will ultimately reveal itself to anyone who devotes himself to observing it carefully. He 
recognizes the variety; but to begin with his view is purely synthetic. Only when he 
succeeds in analyzing the total picture, and in distinguishing the elements in it which 
determine that picture, is he in a position to define these objectively as varietal 
characteristics and to report them to other observers. 

As regards the varieties Carlsberg, Herta and Kenia, it can be said that Carlsberg 
always differs from Herta and Kenia in having a somewhat larger grain, with a more 
pronounced fine wrinkling of the hulls, which can be observed on the ventral 
side of the grain as well as — and more particularly — on the central part of the 
dorsal side. 

A striking difference between Herta on the one hand, and Carlsberg and Kenia on 
the other, can be seen by studying the position of the grain, which, on the ventral side, 
lies on a flat, smooth base (Fig. 1). Accordingly, every grain — which, roughly speaking, 
is shuttle-shaped — seeks its position of equilibrium. If the foot is examined it will be 
seen that, particularly in the case of Carlsberg, but also in that of Kenia, the basal tip 
is almost horizontally-directed, when the grain is viewed from the side. The tip of 
Kenia shows indeed somewhat more of a tendency to point downwards than does 
that of Carlsberg, but in Herta that tip of the grain points distinctly downwards. 
The same can be observed by looking at the grain, not from the side, but foreshortened 
as it were, i.e. from the front. Here again, it is easy to see the difference between the 
horizontal tips of Carlsberg and Kenia and the downward-bent tip of Herta 
(Eig”2) 
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Fig. 1. LeFrrT HERTA, RIGHT CARLSBERG. KERNELS PHOTOGRAPHED FROM THE SIDE, LYING ON A RE- 
FLECTING SILVER PLATE; THE PRESENCE OF THE IMAGES ACCENTUATES THE DIFFERENCE BETWEEN 
THE DOWNWARD SLOPING TIP OF HERTA AND THE HORIZONTAL TIP OF CARLSBERG. 


In yet another respect Herta is fairly clearly differentiated from Carlsberg, but to a 
lesser extent from Kenia. If the basal part of the grain of Herta is examined, it will be 
seen that the ventral crease is open. The flanks curve into the crease with only a gentle 
rounding. In the case of Carlsberg the crease is narrower and the sides are steeper, 
owing to the fact that here these descending flanks tend to bulge right over (Fig. 3). 
The shape of Kenia’s crease is intermediate between that of Herta and Carlsberg. 


Fi. 2. LeFrT HERTA, RIGHT CARLSBERG. KERNELS PHOTOGRAPHED FORESHORTENED, LYING ON A RE- 
FLECTING SILVER PLATE; THE PRESENCE OF THE IMAGES ACCENTUATES THE DIFFERENCE BETWEEN 
THE DOWNWARD SLOPING TIP OF HERTA AND THE HORIZONTAL TIP OF CARLSBERG. 
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Fi. 3. LEFT CARLSBERG, VENTRAL CREASE NARROW. RIGHT HERTA, VENTRAL CREASE WIDE. 


Thus, in this fashion Herta is differentiated from Carlsberg and Kenia. But Kenia is 
also clearly distinguished from the other two varieties by a characteristic feature. In 
Kenia, on the dorsal surface of the grain, the place, near its foot, where the scutellum 
of the germ must be sought under the lemma, Is a clearly defined, glassily smooth and 
only slightly arched field. The mid-nerve of the lemma, which divides this field length- 
wise into two, does not rise above the surface. 

In the case of Carlsberg the situation is strikingly different. At the scutellum the 
grain is rather fuller, and the mid-nerve projects as a ridge, which divides the field 
into two parts more or less rising towards each other. As regards this part of the 
grain Herta differs less significantly from Kenia than does Carlsberg (Fig. 4). 

As has already been stated, the variety Balder can be distinguished from the group 
comprising Carlsberg, Kenia and Herta on the grounds of complete absence of any 
pigment, both in the nerves of the grain and in the sheath of the seedlings. However, 
if grains become mixed it is usually not possible to distinguish Balder precisely from 
Carlsberg solely from the colour in the nerves and the check on the capacity to form 
pigment in the seedlings requires some time. Consequently it is important to consider 
a few more points of difference. 
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Fia. 4. LEFT CARLSBERG ; THe PART OF THE LEMMA COVERING THE GERM IS UNEVEN WITH A MARKED 
MIDRIB. RIGHT KENIA; THE PART OF THE LEMMA COVERING THE GERM IS SMOOTH AND CLEARLY 
OUTLINED. 


The grain of Carlsberg is fairly big, the hulls being characterized by a pronounced, 
fairly coarse, lateral wrinkling which is especially prominent in the middle part of the 
dorsal side; the grain of Balder is fairly small, with fairly weak, very fine wrinkling on 
the dorsal side of the hulls. 

As regards the spot on the grain where the germ is located under the lemma, 
a difference between Carlsberg and Balder can be seen which is less prominent than 
that between Carlsberg and Kenia. The mid-nerve which, in the case of Carlsberg, 
projects so distinctly at that point, is flat in the case of Balder, although it is not so 
unobtrusive as in the case of Kenia. 

In making a choice between the two varieties Agio and Minerva, difference in intensity 
of the colour of the nerves is one of the decisive characteristics to be taken into account. 
Though a certain variation in capacity to form pigment among the grains of each of 
these two varieties exists, there is a very striking difference between the two varieties 
viewed as a whole. Agio has indistinct, partially disappearing, faintly coloured nerves. 
In the case of Minerva the nerves are sharply outlined throughout by the pigment. 
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The field of the germ on the grain presents a second, likewise very clear, point of 
difference in this case as well. 

In the case of Minerva, just as in the case of Kenia, it is a distinctly outlined, glas- 
sily smooth field, with a mid-nerve that does not rise above the surface. However, the 
path of the nerve can generally be traced clearly over this part on account of the vein’s 
strong anthoeyanin colouring. 

In the case of Agio the field is likewise fairly conspicuous; but in this variety it is 
divided into two by the mid-nerve, which rises above the surface in the form of a 


thick ridge. 


CONCLUSION 


The varieties of two-rowed summer barley considered here, which appear on the 
Netherlands List of Varieties for 1955, can be separated, some individually and the 
rest into groups, by reference to some qualitative characteristics. 

Within the groups determination of variety is possible on the basis of quantitative 
differences. A certain amount of practice and experience are necessary in order to 
be able to do this. 


SAMENVATTING 


Het onderscheiden van tweerijige zomergerstrassen op grond van zaadkenmerken 


De tweerijige zomergerstrassen, voorkomend in de beschrijvende rassenlijst voor 
1955 (Agio, Balder, Carlsberg, Herta, Kenia, Mansholt’s tweerijige, Minerva, Piro- 
line, Saxonia), kunnen op grond van enkele kwalitatieve kenmerken aan de korrel 
worden gedetermineerd tot op het ras of tot op een groepje van rassen. Binnen deze 
groepjes vertoont wel ieder der rassen een eigen, voor de ervaren waarnemer onder- 
kenbaar type. 

Tracht men de indruk als geheel van zo’n ras te analyseren en de elementen, die er 
het karakter van bepalen te vinden, dan kan men enkele kwantitatieve hoedanigheden 
aanwijzen, die daartoe een belangrijke bijdrage leveren. 


162 


Euphytica 5 (1956): 163-170 


THE IMPORTANCE OF SPORTS 
IN SOME FLORIST’S FLOWERS 


J. WASSCHER 
Horticultural Advisory Officer for Floriculture, Aalsmeer 
Received 24 March 1956 


1. INTRODUCTION 


Many important florist’s flowers which are vegetatively propagated, have produced 
various bud sports in the course of years. A large number of these sports have been 
introduced as new varieties. In consequence, a considerable percentage of all the 
cultivated forms are sports. 

This is also obvious from a survey of the number of varieties of four widely grown 
flowers (WASSCHER, 11). 


TABLE 1. THE OCCURRENCE OF SPORTS IN SOME FLOWERS 


Number of varieties Number of sports % 
GAL ONS RIE IT 187 46 24.6 
GIASshoUseIROSCS TE 35 14 40 
Chysanthemumshannn 633 187 29.5 
Begonias, winter flowering . . . 55 39 zl 


Because in this survey only those forms have been included whose origin is most 
definitely known, the percentage presumably lies even higher. Their actual signifi- 
cance is certainly greater, since the area occupied by sports is often larger than the 
acreage under other varieties. 

More details of the significance of sports in some flowers and pot plants are given 
below. 


2. CARNATIONS 


Carnations are the most important flowers for cut-flower production in the Nether- 
lands today and their cultivation is still increasing. Most varieties have always been 
of American origin. A small number of varieties were obtained from England or 
Denmark, while also in this country some breeding work has been undertaken lately. 

During the war when the cultivation could be maintained, only under unfavourable 
conditions, the easily manageable pink coloured ‘Peter Fisher’ was more and more 
coming to the fore. This variety, together with two sports viz. “White Peter Fisher’ and 
‘Dark Pink Fisher’, held a dominating position immediately after the war. 


After the war many new varieties were imported, resulting in a proportionally rapid 
decrease of the area occupied by the ‘Fisher’ family in the course of some years, in 
particular because the varieties mentioned were heavily degenerated. The Agricultural, 
Economics Research Institute (LEI) at The Hague annually collects the production 
data of several Aalsmeer holdings (3). From these data it appeared that on these 
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holdings in 1947 as much as 41 % of the acreage under carnations consisted of repre- 
sentatives of the ‘Fisher’ family, but that they had almost entirely disappeared in 


1952 


The deep pink ‘Betty Lou’ was being grown already before the war. After the war 
various sports derived from this variety were imported, such as “White Betty Lou’, 
‘Betty Lou Suprême’ (somewhat darker), ‘Mariandel’ (pink) and ‘Elizabeth [’ and II 
(light and deep pink respectively). Apart from many good characters, this family 
has, among other things, the unfavourable feature that the plants are very susceptible 
to a vascular disease caused by Fusarium oxysporum. 

Also three “Mia Brenner’ forms, all of them light pink, were planted immediately 
after the war. 


The acreage occupied by ‘Betty Lou’ and ‘Brenner’ families extended fairly regular- 
ly at first; however, since 1952 it has been on the decline. The fall of these two families 
and the disappearance of the ‘Peter Fisher’ families was particularly caused by the 
extremely rapid development of the ‘Sim’ family. “William Sim’, a variety with red 
flowers and a favourable growth and production, even during winter, was introduced 
into this country from America in 1946. 

When in 1950 a white sport (“White Sim’) and two light pink sports (‘Crowley Sim’ 
and ‘Peterson's Pink Sim’) were introduced, more than half the area was soon covered 
with these varieties. On the holdings mentioned, as much as 66 % of the total area 
under carnations was occupied by representatives of the ‘Sim’ family in 1954, Pre- 
sumably the percentage is still higher since some of the holdings from which data 


W.Sim+t sports 7Ö %o 

… Peter Fisher + sports 

EE Mia Brenner I en KI 
6/0 EE B.Lou +W.B.L.+ Elis. I en I L6O 
50 [so 
40 „40 
30 L30 
20 | pd ARO ME L20 
hoe Bene) 
1947 1948 _ 1949 _ 1950 _ I951 1952 I953 _ 1954 


FIG. 1. THE ACRFAGE OCCUPIED BY AMERICAN CARNATION FAMILIES IN PERCENTAGE OF THE TOTAL AREA 


UNDER CARNATIONS IN THE NETHERLANDS DURING THE PERIOD 1947-1954 
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were obtained grow a fairly large assortment and some, particularly the smaller 
holdings, often grow representatives of the ‘Sim’ family only (see Fig. 1). 


Yet these varieties also have their shortcomings. In America as well as in the Neth- 
erlands, Denmark and Sweden any slight deviation from the original type has been 
propagated. So it happened that within some six years more than 50 sports of this 
family were introduced (Fig. 2). 

The colour of these sports varies from white and pink or salmon pink to scarlet 
red, with red stripes on a white or pink ground and with white stripes on a pink or 
red ground, and even bronze yellow. 


It stands to reason that among these new varieties there are various forms which 
can hardly be distinguished from each other, especially when they have originated 
in different countries. In 1955 it was therefore decided to alter the inspection system 
of the Royal Netherlands Society of Horticulture and Botany and only to grant first 
class awards to novelties after at least one year testing at the Research Station, 
Aalsmeer (Fig. 3). 


Fia. 3. TESTING OF CARNATION NOVELTIES AT THE RESEARCH STATION, AALSMEER 


With the exception of ‘Tetra Sim’ all sports have originated accidentally. MEnr- 
QuIST (4, 5) performed some research on the character of the sports. By crossing with 
forms of a known genetical constitution he came to the conclusion that “William Sim’ 
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Queen of the Sims* 
Regina* 
Salmon Cr. Sim 
Salmon of Aalsmeer* 
Crowley’s Sim ET Elliot’s Salmon Sim 
Frandsen’s Salmon Sim 
Evan’s Salmon Sim 
B.H.’s Wonder” 


Petersen’s Pink Sim eN Lilli-Ann pink 
Marijke* 

Salmon Sim 

Johanna* 

Debbie 

Roelofs’ Pink Sim* 

Shocking Pink Sim 

Kard. Jos. Mindzenty* 

(PAvenir) 

Cardinal Sim 

Jumbo Sim 

Sim Suprême 

Skania red 

IEN Sgleeisd Reel San 
Dark Red Sim > Impr. D. R. Sim 


(Sim Suprême) 
Tetra Sim 
Homer Hill's D.R. Sim 
Ember Sim 
Weirich’s Peppermint Sim 
Mamie 

(Geiger’s Var. Sim) 
Strawberry Sim 
Cooper’s Var. Sim striped 
Dina* 
Scarlet Sim 
Hollywood Sim 


William Sim 


Lucky Strike* 
Pikes Peak Frosted Sim 

Gonnie* 
Farr’s Sim 
G.J. Sim* 
Candee Lee 
Cox Sim* 

White Sim Nichols’ Debutante white 
Impr. White Sim 

Yellow Sim bronze- 

Harvest Moon yellow 


FIG. 2. TABLE SHOWING THE RELATIONSHIP OF THE BUDSPORTS DERIVED FROM THE CARNATION WILLIAM 
SIM, KNOWN IN THE NETHERLANDS BY THE END OF 1955 


* The varieties marked * originated in the Netherlands. 
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and its four sports investigated, viz. “White Sim’, ‘Pink Sim’, ‘Peppermint Sim’ and 
‘Skyline’s Frosted Sim’ (the two last mentioned sports are striped) all have the same 
genetical constitution and that presumably the sports are to be considered as periclinal 
chimaeras of which only the epidermal layer or layers deviate from the other tissues 
corresponding to those of “William Sim’. 

The first tetraploid forms also became known in 1952. STEWART (8, 9) obtained 
‘Tetra Sim’ by means of colchicine treatment. ‘Jumbo Sim’ and ‘Tetra Red’ have 
originated spontaneously. Whereas ‘Tetra Sim’ and ‘Jumbo Sim’ have entirely tetra- 
ploid tissues, “Tetra Red’ appeared to be a chimaera, the inner tissues of which are 
tetraploid, but the epidermis diploid. 


3. GLASSHOUSE ROSES 


Within the comprehensive assortment of roses only a small number have properties 
which make them suitable for cultivation as cut-roses. Certainly 95 % of the 56 ha 
occupied in this country belong to the so-called hybrid tea varieties, the rest are small- 
flowering forms. 

Among the tea hybrids one group has most strikingly come to the fore, viz. the 
sports derived from ‘Columbia’. 

The representatives of this family all have the highly favourable character that they 
can also flower in winter. Only very few roses allow of being heated (forced) in winter. 

The varieties cultivated at Aalsmeer have originated in the following way. 


Columbia 

(light pink) 

Briarcliff 

(pink) 
| 
Better Times Adri Stokman 
(red) (pink) 
v 
Parel v. Aalsmeer Red B.T. Peerless G.lmloe 

(velvet red) (dark red) (dark red) (pink) 


Modern Times 
(red and striped pink) 


Another family which, however, is of less importance in this country than else- 
where, is the one derived from ‘Ophelia’. The representatives of this family which 
still occur in this country have been derived from ‘Ophelia’ in the following way: 


—Lady Sylvia 


NE | — Rapture 


—- Mad. Butterfly 


—Rote Rapture 
EEN Greul 


The great significance of ‘Ophelia’ and ‘Columbia’ (a cross between ‘Ophelia’ and 
‘Mrs. George Sawayer’) is apparent from the survey published by Miss Wye (14). 
According to her, as many as 2236 new tea hybrids were introduced between 1926 


167 


J. WASSCHER 


and 1950, of course mainly garden roses. These included 1443 hybrids of known 
origin and 411 of them were sports (including 140 climbers). In this period ‘Ophelia’ 
had produced 36 sports, ‘Columbia’ even 63. In total 50.1 % of all sports were derived 
from ‘Ophelia’ and its sports, or from crosses derived from ‘Ophelia’. 

In the class of the so-called “dwarf polyanthas” the percentage was still higher. 
The origin was known of 150 out of 262 novelties introduced and 81 of them i.e. 54 % 
appeared to be sports. 

Presumably various of these sports are periclinal chimaeras. For instance ZIMMER- 
MANN and HITCHCOCK (15) have established that ‘Better Times’ is a periclinal chi- 
maera of ‘Briarcliff’ and that root cuttings of the first mentioned variety produce plants 
of the “Briarcliff’ type. 


4. OTHER CUT-FLOWERS 


About a third part of the number of chrysanthemum varieties has originated as 
sport. For example sports of the wellknown varieties ‘Sweetheart’, ‘Favourite’, 
‘Rayonnante’, ‘Indianapolis’, ‘Loveliness’, ‘Long Island Beauty’, ‘Frieda’, ‘Mensing’, 
etc. are grown on a large scale. Cytological research of the chrysanthemum has been 
performed by Dowkrick (2). 

Also sports have originated of late years, among others in Dahlias, lilacs, Pyrethrum, 
Chrysanthemum maximum, Bouvardia. 


5. POT PLANTS 


Begonia (Lorraine- and Elatiórgroup) (10) is probably the species with the greatest 
number of sports. Also many occur in Azalea and Pelargonium. 

In Azalea indica particularly the most important varieties have produced many 
new sports. Of course this is partly because many plants are being raised in these 
groups and that any deviation from the original type will be more valuable than 
sports of forms which are less favoured. 

For instance PEETERS (7) reports that “Mad. Petrick’, which as seedling was first 
offered for sale in 1901, by 1948 had produced as many as 35 sports, while of “Ver- 
vaeneana’ (1886) 27 and of ‘Paul Schäme’ (1912) as many as 21 sports had been in- 
troduced. In Belgium 23 Azalea novelties were submitted for inspection during the 
season 195354, 14 of which were seedlings and 9 were sports. 


The ordinary Pelargonium zonale is a species in which bud mutations have been 
known for many years (1). Also in recent decades several commercial types have 
originated in this way. For instance of the well-known dwarf geranium ‘Black Vesu- 
vius’, forms have been raised with some orange red, pale red, salmon pink, red, light 
purple and white flowers and also with semi-double orange red flowers (13). 

In some plant species the original type has often been superseded by a sport, 
largely or entirely, as for instance in Cissus antarctica ‘grandidentata’ and Sanseviera 
trifasciata ‘Laurenti’. The cultivation of the narrow-leaved Ficus elastica has been 
reduced; however, the broad-leaved Fe. decora is highly favoured. 

Other pot plants in which sports have originated of late years include Bougainvillea, 
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Hedera, Kalanchoë (12) and Poinsettia. In this connection also the variegated forms of 
a great many pot plants should be mentioned. 


6. SUMMARY 


Bud sports are known in many florist’s flowers which are vegetatively propagated 
(Table 1). Among carnations the variety ‘Peter Fisher’ came to the fore during the war. 

This variety together with two of its sports held a dominating position immediately 
after the war, but in their turn they were superseded by new varieties and their bud 
sports. At present the carnation “William Sim’ with some bud sports are dominant 
(Figs l and 2). Within only 6 years more than 50 bud sports were introduced. Some 
of them originated in the Netherlands. 

Some bud sports appeared to be periclinal chimaeras. 

Tetraploid forms have been created by colchicine treatment as well as by bud 
mutation. 

In glasshouse roses sports of the hybrid tea varieties ‘Columbia’ and ‘Ophelia’ 
have come to the fore. 

Bud sports have also become known of many other cut flowers and of numerous 
pot plants. 

In Azalea indica, as well as in carnations and roses, bud sports especially of widely 
grown varieties have been introduced. The latter have more chance to be fancied 
than those which are derived from varieties that are not in vogue. 


7. SAMENVATTING 
De betekenis van sports bij enige bloemisterijgewassen 


Van vele op vegetatieve wijze vermenigvuldigde bloemisterijgewassen zijn knop- 
mutanten bekend (tabel 1). Bij de anjers kwam tijdens de oorlog de gemakkelijk te 
telen ‘Peter Fisher’ naar voren. Dit ras met een tweetal sports overheersten direct na 
de oorlog, doch werden op hun beurt verdrongen door nieuwe rassen met hun knop- 
mutanten. Thans heeft het anjerras “William Sim’ met enige knopmutanten een over- 
heersende plaats (fig. 1 en 2). In een zestal jaren werden meer dan 50 knopmutanten, 
die ten dele in Nederland ontstaan zijn, in de handel gebracht. 

Enige knopmutanten bleken periklinale chimaeren te zijn. Zowel door colchicine- 
behandeling als door knopmutatie zijn tetraploïde vormen ontstaan. 

Bij de kasrozen zijn sports van de theehybriden ‘Columbia’ en ‘Ophelia’ sterk op de 
voorgrond getreden. 

Ook van vele andere snijbloemen en tal van potplanten zijn knopmutanten bekend 
geworden. Bij Azalia indica zijn, evenals bij de anjers en rozen, vooral knopmutanten 
_ van veel geteelde rassen bekend geworden. Deze sports zijn eerder waardevol dan die 
van de minder geteelde rassen. 
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INTRODUCTION 


Since 1951 we have produced tetraploid strains of many kinds of vegetables and 
fruits by means of colchicine. As an ultimate test for tetraploidy we have always 
employed the cytological method, and for counting chromosomes it is essential that 
they are made visible, e.g. by staining. 

It is obvious that the number of plants that can be tested in this manner depends 
on the number of slides prepared and inspected in a given time. Therefore, the method 
used should meet the following conditions: 1. It should take little time, hence the 
procedure should be simple; 2. It should produce clear pictures of chromosomes in 
a wide range of plant species; 3. It should be suitable for continuous serial work. 

Of the methods generally employed, e.g. acetic carmine-, acetic lacmoid-, acetic 
nigrosin- and acetic orcein-squash, the latter as described by LA COUR (1) suited our 
purpose best. For serial work this method has some shortcomings, but during 1951 
we succeeded in eliminating them. These shortcomings include: 


a. Maceration and rinsing in water as used in combination with hydroxyquinolin 
(see PRAKKEN & SWAMINATHAN, 2) takes too long. 

b. When transferring material from staining bath to slide, the meristematic tissues, 
especially from tender root tips, are readily lost, leaving only coarse material 
without dividing cells. 

c. The stain penetrates too slowly, resulting in partly coloured preparations, if ap- 
plied after maceration and rinsing. 

d. It is very difficult to regulate the temperature of the staining bath by staining in a 
watch glass; this results in many understained or, even worse, overstained prepa- 
rations. 

e. If after squashing in acetic orcein the material remains in this medium, the staining 
will be satisfactory for only one or two days. As the acetic acid gradually evapo- 
rates from the solution the orcein precipitates in the plasm, thus spoiling the entire 
preparation. 

f. The red colour of the orcein solution is in poor contrast with the orange-brown 
coloured nuclei. Working with such preparations is trying to the eyes. 


The improved technique described below enables us to make the preparations 
quicker and better than before. Thirty are easily made within one and a half hours. 
According to our technique, we stain on the slide in a drop of 2 % orcein solution in 
45 % acetic acid adding N HCI 1 to 9. Instead of squashing in acetic orcein we use 
Fast Green FCF solution, 0.1 % in 45 % acetic acid. It produces a fine counterstain, 
as it colours the plasm with a light bluish tinge. 
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PROCEDURE 


Our technique is as follows: 


. Fix in alcohol-acetic acid 3:1, preferably for 2 to 3 hours. 

. Put fixed material on a clean slide; remove all superfluous parts. 

. Add a drop of orcein stain solution after fixing fluid has evaporated. 

. Allow stain solution to penetrate the entire material for one minute and after- 
wards warm gently over a spirit flame. Avoid boiling. Heating once is generally 
sufficient. 

5. Leave the slide for 10 minutes. The solution now slowly dries. During this process 

the staining gradually intensifies and maceration goes on. 

6. Before it is quite dry the material should be pushed to a clean place on the slide 
with a piece of filter paper, and the staining solution should be blotted off. 

7. Put some drops of Fast Green F.C.F. on the material and leave it in the counter- 
staining solution for a minute or longer. 

8. Put the cover slip on and squash the material under it. A match stick is very 
convenient for doing this. After tapping gently, the cells of the material flow 
easily to all sides, forming a closed layer one cell thick. 

9. Blot off the superfluous solution using several sheets of blotting paper. Care 

should be taken not to move the cover slip. Press firmly after slight heating if 

flattening of the cells is desired. 


B WN == 


10. Seal with paraffin wax. 


SERIAL WORK 


To prepare a series of preparations we arrange 30 slides on the table and each is 
given the proper serial number. On one end of the slide we then put the fixed material 
e.g. a root tip, part of a young leaf or an anther. If 10 slides are provided with mate- 
rial, we put a drop of stain on the first series of five. Then the third series of five slides 
is provided with material and then the second series with stain. After 20 slides have 
thus been treated one can start heating the slides. So we go on till all the 30 slides 
have had their turn. 

The first preparations are sufficiently stained now, so we start pushing the material 
to the centre of the slide, blotting off the superfluous orcein solution and adding Fast 
Green, after 5 slides have been handled. Squashing can now be started. Care should 
be taken not to lose too much fluid from under the cover slip, while the material has 
not been entirely squashed. As long as the fluid film under the cover slip is thick 
enough the slip can be moved without damaging the cells. Sometimes this moving is 
necessary in order to separate the individual cells. 

The slides may be left for some time after squashing. When 10 are ready, blot off 
and seal instantly with paraffin wax. 

Our sealing tool is a copper wire about 3/16 inches thick, fastened to a wooden 
handle. The end of the wire is bent at a right angle over a length of half an inch and 
flattened, making a sharp edge, thus simulating a small soldering iron. 
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FIG. 1. Anemone coronaria, Mr. ACETIC-ORCEIN SQUASH IN FAST GREEN. PHOTOGRAPH 
TAKEN ONE MONTH AFTER PREPARING THE SLIDE 480 X 


Fio. 2. Anemone coronaria, Mr. ACETIC-ORCEIN SQUASH IN FAST GREEN. PHOTOGRAPH 
TAKEN ONE MONTH AFTER PREPARING THE SLIDE 1200 » 
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Fig. 3. Anemone coronaria, PACHYTENE. ACETIC-ORCEIN SQUASH IN FAST GREEN. 
PHOTOGRAPH TAKEN ONE MONTH AFTER PREPARING THE SLIDE 1200 X 


Fro. 4. Lilium XxX “Orange Triumph’. Rr. ACETIC-ORCEIN SQUASH IN FAST GREEN. 
PHOTOGRAPH OF FRESHLY PREPARED SLIDE 480 Xx 
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Fi. 5. En ee 
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Lilium x “Orange Triumph”. Rr. ds ® 
ACETIC-ORCEIN SQUASH IN FAST ba 
GREEN. PHOTOGRAPH OF A ERESHLY 
PREPARED SLIDE 1200 x. 


CONCLUDING REMARKS 


We have obtained excellent results with a great variety of plants by means of the 
technique described above. In some species it is advisable to stain twice. So after 
stage 7 of the technique one starts again at 5. Never heat a drop of acetic orcein twice, 
it will get too hot. After heating a fresh drop of acetic orcein on a slide it will contract 
like a drop of water on a greasy surface. This contraction is an indication that the 
drop has attained the right temperature. When heating a drop a second time, it does 
not contract so easily and becomes too hot before showing contraction. Such over- 
heated slides are worthless. The chromosomes in such preparations have lost their 
proper shape, in the worst case only some drops of chromatin instead of chromosomes 
can be seen. 

The nuclei and chromosomes in our preparations are coloured deep orange-brown:; 
the plasm, being bluish green or bluish grey, affords a sharp contrast with the chro- 
mosomes. Faultlessly prepared slides keep for several weeks. They can be made 
permanent in the usual way. 

To give an impression of the results that can be obtained with our technique we 
present some microphotographs. Figs. l to 3 show slides one month after being 
prepared. Figs. 4 to 5 depict fresh preparations. Slides kept longer than a month 
become gradually opaque. 

It is regretted that the colour contrast is not shown in the photographs. 


SUMMARY 


As a final test for colchicine-induced tetraploid plants the cytological method is 
most reliable. However, cytological testing can only be done in a satisfactory manner 
if a large series of preparations can be prepared in a relatively short time. 
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It is shown how, after some simplifications and improvements with LA COUR’s 
acetic orcein staining, a trained person can in about one and a half hours prepare 
a series of 30 preparations which keep for one month or longer. 

Staining and maceration are done on the slide; the material is squashed and mount- 
ed in acetic Fast Green. Fast Green enhances the contrast and the preparations 
mounted in this solution do not deteriorate so quickly as when mounted in orcein 
solution. 


SAMENVATTING 


Een verbeterde orceine-squash methode voor het vervaardigen van series cytologische 
preparaten 

Voor het maken van series cytologische preparaten, zoals door ons worden ge- 
bruikt voor het testen van met colchicine behandelde planten, is een snelle en be- 
trouwbare cytologische techniek zeer belangrijk. 

Het voorgaande is een uiteenzetting, hoe, na enkele vereenvoudigingen en verbete- 
ringen, met de orceine kleuring van LA COUR, een geoefend persoon, zonder inspan- 
ning, een serie van 30 preparaten, die + een maand goed bruikbaar blijven, in 14 uur 
vervaardigt. 

Het essentiële van de methode is, dat de kleuring en de maceratie op het dekglas 
uitgevoerd worden en dat in een Fast Green oplossing wordt ingesloten, hetgeen de 
houdbaarheid bevordert. Fast Green verhoogt tevens het contrast in het preparaat. 
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FOR RYE AND OTHER CROSS-FERTILIZED PLANTS 
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1. INTRODUCTION 


Like other cross-fertilized plants, rye has the reputation of being difficult to handle 
in breeding work. This reputation is deserved, since the fixation of gene combinations, 
which can easily be obtained in plants which are self-fertilized or propagated vege- 
tatively, presents great difficulties in rye. Mass selection and family selection, the 
traditional methods used for cross-fertilized plants are, after all, nothing more than 
systems to turn pollination and fertilization into certain channels in order to develop 
and maintain a population which satisfies the aim of the breeder as well as possible. 
The effectiveness of such methods is restricted. Very soon a ceiling is reached; in 
various crops the ceiling has been successfully broken by inbreeding to fix certain 
genotypes and then counteracting, or even overcompensating, the inbreeding-deteri- 
oration by crossing (heterosis). However, this method is only applicable in crops with 
such a flowering structure as to allow crosses to be made on a large scale without 
complicated and expensive manipulations. This is not so in many plants and with 
these one is restricted in the methods which can be used to reshape certain popu- 
lations in accordance with the wishes of the breeder. 

Fortunately, in the period when heterosis breeding occupied much attention, there 
were still breeders who accepted the challenge of these obstinate cross-fertilized crops 
and endeavoured to find methods adaptable for them. As a result two breeding 
methods have come to the fore in the decade 194050. One of them is the polycross 
method which was conceived almost simultaneously in various countries; in Denmark 
by FRANDSEN (2, 3), in the U.S.A. by TyspaL et al (13, 14) and in the Netherlands by 
WELLENSIEK (15, 16, 17). 

The second method, recurrent selection, has been developed by American scientists 
working on maize: COMSTOCK (1, 10), Hurr (5, 6), LONNQUIST (8, 9). SPRAGUE (11, 12) 
and their associates. 


2. THE BREEDING METHOD BASED ON THE POLYCROSS TEST 


WELLENSIEK (15) gives a detailed description of this method. To summarize, the 
consecutive procedures are as follows: 

Ist year: (a) A large number of clones are planted on an isolated field, randomized 
in such a way that every clone is pollinated by all the other clones (polycross). 
(b) In addition each clone is either selfed by means of bagging, or all possible cross- 
combinations are brought about by means of crossings in pairs. 

The seed produced according to the first procedure (a) is used in a comparative 
yield trial; the seed obtained by method (b) is stored. 

2nd year: The polycross progenies are submitted to a severe comparative test. 
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This test helps to detect clones which are able to produce good progeny, in spite of 
the fact that they have been fertilized by a large number of partners of divergent 
genetical constitution. 

3rd year: The remnant seed derived from the above mentioned prominent clones 
(frst year, sub b) is bulked and propagated in isolated fields. This results in a narrowed 
population which in some cases can be used immediately as a commercial variety. 

4th year: From the narrowed population new clones are derived and a new breeding 
cycle is initiated. 


For rye many objections to this method can be made: 


L. Visual selection among clones is not very effective: the progeny must be tested. 
In order to be fairly certain that an improved stock will be obtained, it is necessary 
to work with large numbers of clones. 

2. In a somewhat extensive breeding programme the number of diallel crosses be- 
comes so large that it is impracticable to perform them all. One is then obliged 
to restrict oneself to selfing which requires considerably less labour, as now much 

nl) 

2 

3. Clones which, according to the progeny test, are good parents and which, therefore, 
are destined for the creation of a new generation, only occur in limited numbers. 
It is not surprising that good parental material occurs only rarely. In consequence, 
the base of the new generation is narrow and when propagation is carried out with 
a view to seed production, a certain degree of inbreeding (and its inevitable counter- 
part loss of vigour) is unavoidable. 


lt 
smaller numbers are involved (only n selfings against crosses!) 


In rye therefore a breeding system based on the polycross test had not given the 
results we had expected at first. Details of the trials will be given in a separate pub- 
lication. 

Our conclusion, drawn from theoretical considerations and practical experience, 
is that the polycross method, although based on sound principles, is restricted in its 
possibilities as it fails to prevent inbreeding. 

This drawback is effectively obviated by the application of breeding methods aimed 
at the concentration of certain genes or gene-combinations in one population without 
appreciable reduction in variability. They are generally referred to as recurrent 
selection methods, a term introduced by Hurr (5). In fact they represent an ampli- 
fication of the method just discussed. 

Those forms of recurrent selection which aim at the improvement of combining 
ability are the best for our purpose. Although originally intended as an aid in finding 
the most suitable hybrid combinations in maize, they are beginning to attract more 
and more attention for other cross-fertilized plants as well. 

The mode of recurrent selection which is most important to us can be summarized 
as follows: The modern maize hybrids are obtained by intercrossing two or more 
unrelated partners (inbreds or single crosses). The main point in this procedure is to 
choose the partners in such a way that they are well matched, in other words that 
each counteracts the deficiencies in the genetical constitution of the other. The only 
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way to detect these ideal combinations is to make systematic test crosses. The problem 
is when to start making the crosses for test. 

Increasingly objections have been made to the classical method of first inbreeding 
for several generations to obtain relatively homozygous lines before test crosses are 
made. It was realized that this procedure was not only time consuming, but that the 
selection during inbreeding leads to the elimination of certain gene-combinations and, 
consequently to a reduction of variability and to a restriction of choice. This point of 
view induced some breeders to shift their test crossing programme to increasingly 
earlier stages so that, ultimately, it started at the very beginning of the breeding proce- 
dure. By adopting this method, the principle of recurrent selection in fact is accepted. 
Its most amplified form, reciprocal recurrent selection, a name given by COMSTOCK 
et al (1), is a valuable breeding procedure applicable to practically all cross-pollinated 
plants. 

Suppose there are two entirely unrelated populations K and L, which after crossing 
produce a fairly good varietal hybrid. This is an indication that in the variety K in- 
dividuals occur which readily combine with the variety L, and conversely. The ques- 
tion is now to trace these individuals. This can be done by the following procedure so 
clearly described by CoMSTOck et al (1) that we think it useful to cite it here practically 
verbatim with the omission of certain minor details only. 

Year 1. - Each of about 200 plants from source K are outerossed to four or five 
plants taken at random from source L, and each of about 200 plants from source L 
outerossed to four or five plants from source K. Self-pollinate all plants HE as pollen 
parent in these outcrosses. 

Year 2. — Conduct two field trial comparisons of the progeny of crosses made in 
year 1. One would involve progenies of source K plants as pollen parent, the other 
progenies of source L plants as pollen parents. All seed from each of the four or five 
crosses involving a single pollen parent would be bulked to produce a single progeny 
from that parent. 

Year 3. — Plant seed produced by self-fertilization in year 1 only from those plants 
in each of the source groups (K and L) whose progenies were superior in the field 
trials of year 2. Within each source group make all, or as many as possible, of the 
single crosses between the S, lines just mentioned. 

Years 4, 5 and 6. — Repeat the procedures of years 1, 2 and 3 using as starting 
point the group K and L produced in year 3. 

By using the seed of all the single crosses in group K and equally those in group L 
and by increasing each of these two groups separately, two improved varieties 
(indicated as K‚ and L‚) are obtained, which can be expected to have a better mutual 
combining ability than the original sources K and L. 

Whenever seed has to be produced for practical purposes, the two “narrowed” 
varieties (K, and L,, K‚ and L, etc.) are intererossed resulting in a varietal hybrid or a 
synthetic variety just as one may be inclined to call it. It may be useful to emphasize 
that apart from the test-crosses this is the only occasion where the two sources are 
brought into contact with each other. In all other stages of the breeding procedure 
they are kept strictly apart. 

Working along these lines the two sources K and L are more and more becoming 
adapted to each other so that gradually one becomes complementary to the other. 
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The danger of degeneration caused by inbreeding is negligible here; even within each 
of the “narrowed” populations K and L a rather appreciable degree of variability 
is maintained as has been pointed out by SPRAGUE et al (Ll, 12) and LONNQUIST (8, 9). 
Moreover, if there should be slight traces of inbreeding, they would be reduced to 
negligible proportions in the final step in each breeding cycle, i.e. the creation of the 
synthetic variety, which involves intercrossing of the two “narrowed” populations. 


3. RESULTS OBTAINED BY RECURRENT SELECTION 


Although in maize this method has been tried rather thoroughly for a number of 
years in succession, the data available still are relatively scarce. 

Me Gi and LONNQUIST (4) found a marked shift in the mean after two cycles of 
recurrent selection in maize. When the frequency distribution of the second cycle 
population was compared with that of the original population it appeared that in the 
former the mean was shifted in positive direction by 10 per cent in comparison to 
the latter. Still more striking are the results obtained by SPRAGUE et al (11, 12) who 
succeeded in increasing the oil percentage of the maize kernel from 7 to 10.5 per cent 
after two cycles of recurrent selection. We cannot but conclude from these results that 
a breeding system based on recurrent selection is highly efficient. 


4, POSSIBILITIES OF RECURRENT SELECTION FOR OTHER PLANTS 


For all those preponderantly eross-pollinated plants in which, owing to their flowers 
being bisexual, a breeding system founded on the heterosis phenomenon is not 
feasible, recurrent selection offers attractive possibilities. If the specific peculiarities 
of the plant in question are taken into account, it is possible to design a suitable 
recurrent selection system for practically any obligate cross-breeder. 

In this respect rye offers an interesting example. As has been explained on page 176, 
our main objection to breeding procedures based on the polycross test is that they 
fail to avoid inbreeding. This obstacle can be obviated by starting from two absolutely 
unrelated sources (populations) instead of restricting oneself to one only. The fact 
that rye can be propagated vegetatively makes many steps in the breeding procedure 
appreciably easier and less time consuming. For instance, the labour involved in 
outcrossing individual plants of population ““K” on representative groups of plants 
of population “L” can be considerably reduced by submitting a large number of “K” 
clones to a topcross by the “L” population, and vice versa. This is achieved in the 
following simple way, pictured in the diagram, fig. 1. 

Year 1. A large field, in isolated location, is sown to variety “L” in such way that 
at regular distance and evenly distributed all over the field small plots of a few square 
meter each are left open. Each of these open plots afterwards is planted with one clone 
originating from the “K” variety. Infig. 1, year 1, left, the dotted area represents the L- 
variety; the heavy lines, numbered 1-8 eight ““K”-clones planted on “islands”. As rye 
is pronouncedly self-incompatible, the effect of interpollination between the individuals 
of one clone is negligible. If the strips of “L” separating the “K” islands are wide 
enough, it may be assumed that practically all the seeds developing on an “K”-clone 
originate from a cross of the type “K” clone x variety “L”. 
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Fig. 1. DIAGRAM OF A BREEDING SYSTEM BASED ON RECIPROCAL RECURRENT SELEC- 
TION, APPLICABLE TO RYE AND OTHER CROSS-POLLINATED PLANTS THAT CAN 
BE PROPAGATED VEGETATIVELY. THIS DIAGRAM PICTURES ONLY HALF OE THE 
PROCEDURE, LE. THE TREATMENTS TO WHICH THE K-VARIETY IS SUBMITTED. 
ITS PARTNER, THE L-VARIETY IS TREATED SIMILARLY. EXPLANATION IN TEXT 
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In the right half of the diagram, an other isolated field is represented in which the 
same “K” clones are mixed randomly so that they intercross in every possible way. 

The seed obtained from the topcross is used for a progeny test in the second year; 
the polycross seed is stored and used in the third year. 

Year 2. The top-cross progenies are submitted to a severe comparative testing. 
This test reveals which of the “K” clones combine extremely well with the ““L” popu- 
lation, and vice versa. 

Year 3. The remnant seed (Fig. 1, year 1, right) of the clones that proved out- 
standing in the progeny test, is made into a mixture in which all are equally repre- 
sented. This mixture is sown on an isolated field and the plants growing therefrom 
are allowed to intercross freely. Some problems connected herewith are discussed 
below. 

The intercross just mentioned yields the “concentrated’” populations K, and L, 
which, in the Sth or 6th year will be brought together in order to raise seed of the 
synthetic variety K‚ x L, in quantity. 

Year 4. The concentrated populations K, and L, are increased on isolated fields 
as pictured in fig. l, year 4, right. In the summer of the same year a new generation 
of clones (second cycle), selected from the K, and L, populations, is raised in a nursery 
as is represented diagrammatically in fig. 1, year 4, left. These new clones will be top 
crossed in the Sth year. With this manipulation the second breeding cycle is initiated 
which will pass through the same stages as described for year 14. 

The procedure outlined for year 3 needs some further explanation. In its present 
form it is no more than a compromise, a substitute for the ideal procedure which 
would involve the use of the original clones for the continuation of the breeding cycle. 
At the moment this is not yet possible as rye clones can be maintained for one year 
only. So, provisionally, one must be satisfied with other less efficient methods serving 
to fix, in the best possible way, the genes included in certain clones of outstanding 
combining ability. With the example of maize breeding in mind, one is inclined to 
consider artificial self-pollination as an efficient means. But, on closer consideration, 
two serious objections rise. First it is highly questionable whether all the genes will 
be preserved in the very limited progeny obtained after self-pollination. Secondly, 
artificial selfing in normally eross-pollinated plants leads to involuntary selection for 
self-fertility, the somewhat self-compatible individuals being the ones that yield an 
appreciable quantity of seed! For the purpose we have in mind self-fertility is highly 
undesirable because the final step!) of a breeding cycle: the creation of a synthetic 
variety by blending the “concentrated” varieties K, and L, requires an intensive inter- 
crossing. In a process like this, individuals inclined to self-fertility are likely to have 
an antagonistic effect. 

So, it was necessary to look for an other solution. One of the possible ways was 
shown by KooPMAN (7) who, in addition to the normal top-cross (“K” clones by 
population “L”) also submitted his “K” clones to a topcross by population “K”. 
The seed obtained by the last mentioned procedure was used for composing the ”’con- 
centrated”’ population K,. 

It may be true that by this procedure part of the progress resulting from the careful 
and sustained test crossing is lost again, but under the circumstances this was one of 
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the few feasible solutions and the results have proved very satisfactory. In our opinion, 
polycrosses of all K-clones, and L-clones inter se provide a still more efficient means 
of preserving the genetic potentialities of those clones which have outstanding com- 
bining ability. This opinion is reflected in the scheme shown in fig. 1. 

The best procedure for constructing the concentrated population K, or L, would be 
to intercross these clone progenies artificially in every possible way, and to bulk the 
seed so obtained into a mixture in which all these crosses are equally represented. 
This procedure is feasible in maize but offers unsurmountable obstacles in rye owing 
to the bisexual nature of its flowers. So here a simpler although less efficient way has 
to be taken consisting in mixing equal parts of seed of the outstanding clones and by 
sowing this mixture on an isolated field. Intercrossing may be intensified by permitting 
one more generation of random mating before initiating the next cycle. 


5. DISCUSSION AND CONCLUSIONS 


At the moment we have to base our opinion about the value of recurrent selection 
mainly on experiments gained in maize. From the data available the following con- 
clusions can be drawn. 


1. Recurrent selection at least has the same effect as the old methods of inbreeding 
followed by crossing. However, it requires less work and leads more quickly to 
results. 

2, There is only a slight reduction in genetic variability; in this respect recurrent 
selection distinguishes itself favourably from methods based on inbreeding. 

3. The method is extremely effective for the concentration of certain genes or groups 
of genes in a narrowed population. 

4. By keeping both groups strictly apart their complementary character is main- 
tained. Then, when the two narrowed populations are finally intercerossed for the 
production of seed, the opportunity exists for a maximal heterosis effect. 


In plants like maize which are monoecious and at the same time not pronouncedly 
self-incompatible, full advantage of the recurrent selection method is obtained. Most 
cross-fertilized plants, however, are bisexual and in many cases self-incompatible. 
These two factors reduce the efficiency of the method. 

Self-incompatibility (which is seldom absolute, but usually occurs in different 
degrees) causes extremely poor seed setting of elite clones that are forced to self- 
pollinate. It is doubtful whether the gene complexes of these clones will be entirely 
transmitted to this very limited offspring. If, on the contrary, the other procedure is 
taken and if it is attempted to fix the genes of elite plants e.g. by pollinating K-plants 
with pollen of the K-population, the obstacle of bad seed setting may be removed, 
but on the other hand the effect of isolating certain genotypes is strongly reduced. 
At the moment only a compromise can be made which is adapted to the nature of the 
plant and the personal views of the breeder. A satisfactory solution seems only pos- 
sible if a way could be found to propagate the plants vegetatively and to maintain the 
clones for some years. 

Bisexuality has the following consequences for the recurrent selection method. If 
one wants to cross the narrowed populations K, and L, “en masse” and for that pur- 
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pose sows them in a mixture, it will happen equally frequently that a K, individual is 
pollinated by other K, individuals as by L, individuals. So, besides the desired cros- 
sing K, X L, or L, X K;, also a certain percentage of seed is produced of the consti- 
tution K‚ x K, or L, X L,. The origin of part of the last mentioned category is due to 
self-pollination. It is unknown to what extent this undesirable admixture of seed pro- 
duced by mutual pollination of individuals belonging to one population influences 
the heterosis effect. However, it will be necessary to take account of this possibility 
since it does not seem possible to avoid the undesirable admixture of seed. 

Notwithstanding its imperfections, recurrent selection in our opinion must be 
considered as a breeding system sufficiently versatile to have ample possibilities also 
for those stubborn elements among the cross fertilized crops which so far have not 
yielded to other methods. Of the many possibilities that lie in this field only the very 
first have been realized. There is not the slightest doubt that further research along 
these lines will open up completely new pathways to success. 


6. SUMMARY 


The inadequacy of the established breeding methods (mass selection, family se- 
lection) and the fact that a breeding procedure based on heterosis is not feasible for 
all crops, have given the incentive to search for more effective breeding methods, in 
particular for cross-fertilized plants. 

On the basis of experiments with rye, the writer comes to the conclusion that a 
breeding system founded on the polycross test is somewhat unsatisfactory, because it 
leads too soon to a narrowing of the material, so that the degeneration caused by 
inbreeding cannot be avoided. 

Better possibilities are offered by the methods of recurrent selection developed for 
maize, particularly by those schemes initiating from two entirely unrelated popu- 
lations (reciprocal recurrent selection). The two populations are subjected to a test 
cross system whereby individuals from one population are outcrossed on represen- 
tative groups of individuals from the other one, and conversely. Tests of the progenies 
obtained in this way reveal which individuals from the population K combine well 
with population L, and vice versa. By following the line described in the article, a 
narrowed population K (indicated as K‚) and a narrowed population L (indicated as 
L,) are obtained which more or less complement each other. This complementary 
character is enhanced by repeating the selection process. Crossing in mass of these 
two narrowed populations may result in a valuable hybrid which is best referred to 
as a varietal hybrid. It seems that here the danger of inbreeding is reduced to a 
minimum. 

This method has already yielded favourable results at the Plant Breeding Station 
of the Central Bureau at Hoofddorp c.f. KOOPMAN (7). From the current experiments 
at the Institute of Agricultural Plant Breeding at Wageningen it also appears that by 
the breeding system described in this paper many fallacies of the old procedures are 
eliminated. 
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Periodiek herhaalde selectie (recurrent selection) als veredelingsmethode voor rogge 
en andere kruisbevruchters 


De ontoereikendheid der oudere veredelingsmethoden (massa selectie, familie 
selectie) en het feit, dat heterosisteelt lang niet bij alle gewassen practisch doorvoer- 
baar is, hebben de stoot gegeven tot het zoeken naar meer effectieve veredelings- 
methoden, speciaal voor kruisbevruchters. 

Op grond van experimenten met rogge komt schrijver tot de conclusie dat een ver- 
edelingssysteem berustend op massale proef kruising voor dit gewas te kort schiet, 
omdat het, aangezien men blijft binnen één populatie, te snel leidt tot verenging van 
het materiaal, waardoor inteelt-degeneratie niet op een afstand kan worden gehouden. 

Betere perspectieven bieden de voor mais ontwikkelde recurrent selection schema’s, 
en wel in het bijzonder die, welke hun uitgangspunt kiezen in twee volkomen onver- 
wante populaties (reciproke recurrent selection). Deze populaties worden onder- 
worpen aan een proefkruisings-systeem, waarbij individuen uit de ene worden uitge- 
kruist op representatieve groepen individuen van de andere, en omgekeerd. Beproe- 
ving van de aldus verkregen nakomelingschappen brengt aan het licht, welke indi- 
viduen uit populatie K een goede combinatiegeschiktheid vertonen ten opzichte van 
populatie L, en omgekeerd. Door op deze uitgezochte individuen voort te bouwen, 
verkrijgt men een vernauwde populatie K (aangeduid als K‚) en een vernauwde popu- 
latie L (aangeduid als L‚) die min of meer elkanders complement zijn. Dit comple- 
mentaire karakter wordt versterkt door het selectieproces te herhalen. Kruising „en 
masse” van deze 2 vernauwde populaties levert een waardevol kruisingsproduct op 
dat men het beste als een rassen-hybride kan betitelen. Het gevaar van inteelt is hier 
tot minimale proporties teruggebracht. 

Met deze methode zijn door IR KOOPMAN van het Centraal Bureau opvallende 
resultaten verkregen, terwijl uit de bij het Instituut voor Veredeling van Landbouw- 
gewassen te Wageningen in gang zijnde experimenten eveneens blijkt, dat door deze 
methode vele van de bezwaren, welke aan de oude werkwijze kleefden, worden ge- 
elimineerd. 
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1. INTRODUCTION 


In the Netherlands cucumbers are grown commercially in hothouses (in 1954 about 
45 ha) and in frames (in 1954, 506 ha). The soil under Dutch lights is generally 
heated by fresh manure. In 1954 the total return was 23,578,700 guilders, of which 
_18,621,900 guilders came from frame cucumbers. Fig. 1 gives a survey of a frame 
cucumber nursery. 

In hothouses only green varieties are grown; under Dutch lights mostly green 
varieties and occasionally also some white and yellow varieties are used. 

The common green varieties, Spotvrije (Spotdisease Resister) for hothouses and 
Lange Groene Broei, Groene Standaard, Perfecta and Spiers for frames, are uniform 
in colour, without any mottling and without distinct longitudinal lighter streaks. 
They are capable of fruiting parthenocarpically. Seed setting is prevented as much 
as possible by removing the male flowers. If seed would set the fruit tops swell 


Fig. 1. SURVEY OF A CUCUMBER NURSERY. (PHOTOGRAPH TAKEN BY PROEFSTATION NAALDWIJK) 
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considerably and as a result the fruits become unsalable. Both in hothouse and frame 
culture the plants are pruned regularly. 

The most important diseases of frame cucumbers are Fusarium wilt (Fusarium 
species), Sclerotinia (Sclerotinia sclerotiorum) and scab (Cladosporium cucumerinum 
ELL. et ARTH.). Fusarium wilt is generally prevented by steam sterilising the soil or 
grafting the cucumbers on the unsusceptible rootstock Cucurbita ficifolia. Sclerotinia 
can be controlled by steam sterilizing the soil before planting. 

Scab, a serious disease in frame cucumbers, is caused by a fungus which attacks 
both vegetative organs and fruits. The best known scab symptoms are the imbedded 
spots on the fruits, mostly covered with drops of gum (Fig. 2). The effective German 
fungicide Bulbosan (trichlorotrinitrobenzene) could not be supplied after 1945. Con- 
sequently scab became a serious disease again. In 1954 Bulbosan, made by Farbwerke 
Hoechst A.G., Frankfurt (M.)-Hoechst, Germany, could be supplied again in suf- 
ficient quantity. 


2. HISTORY 


Before 1920 scab-resistance in pickling cucumbers was already known to growers 
in the neighbourhood of Venlo. Around 1920 W.G. v. p. Krorr, Horticultural Ad- 
visory Officer at Maastricht and J. H. TERCKEN at Baarlo, started intensive selection 
from material of the variety Vorgebirgstraube, originally a German pickling cucum- 
ber, which was grown in the vicinity of Venlo. They obtained a number of scab- 
resistant lines called Baarlose Nietplekker, of which Baarlose Nietplekker VI has be- 
come the most widely grown. 


FIG. 2. CUCUMBER FRUIT AFFECTED BY SCAB. (PHOTOGRAPH TAKEN BY PROEFSTATION NAALDWIJK) 
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In 1931 BAILEY and BURGESS (2) of the Maine Exp. Station U.S.A. started testing 
a number of slicing and pickling varieties for scab-resistance. The slicing cucumber 
Longfellow proved to be highly resistant. Crosses with this variety resulted in the 
variety Maine no. 2 which was introduced in 1939 (3); the slicing cucumber Highmoor 
is a later introduction of the same Exp. Station. 

From crosses with Maine no. 2 WALKER et al (10) obtained the pickling varieties 
Wisconsin S.R. 6 and Wisconsin S.R 10, which were introduced in 1953. Further 
breeding work resulted in pickling varieties resistant both to mosaic and scab, amongst 
others S.M.R. 12. 

In 1936 and 1937 Scnurz and Röper (7), Germany, tested a large number of slicing 
and pickling cucumbers for scab-resistance. They reached the conclusion that only 
the pickling cucumber Delikatess is definitely field-resistant to scab. ScnuLTz (8) and 
MÜLrer (6) are, however, of the opinion that rigorous selection by means of artificial 
tests for scab-resistance should lead to uniformly resistant varieties. 

In 1948 G. W. v. p. Herm, Horticultural Advisory Officer in Amsterdam started 
breeding a scab-resistant yellow slicing cucumber destined for gardeners in the neigh- 
bourhood of Amsterdam, who at that time only grew yellow varieties. The resistant 
variety Highmoor was used as a parent. From this cross the scab-resistant yellow 
variety Vios and the white variety Mabro were derived; both were commercialized in 
1954. 

In 1952 G. W. VAN DER HELM at the Exp. Garden Sloten and J. M. ANDEWEG at 
the Institute of Horticultural Plant Breeding, Wageningen, simultaneously started 
breeding green scab-resistant frame cucumbers, using Highmoor as a resistant parent. 
In 1955 the Experimental garden at Sloten introduced the scab-resistant green slicing 
cucumbers Amato and Proso while in 1956 the Institute of Horticultural Plant Breed- 
ing introduced the scab-resistant green slicing cucumber Esvier. 

In 1953 seed of 2 first-backcross populations was supplied by the Institute to 
interested growers (1). At present intensive breeding for scab-resistance is also being 
carried out by a number of Dutch seed growers. This paper discusses the breeding 
work undertaken at Wageningen. 


3. METHODS 


According to BAILEY (2) scab-resistance depends on one dominant gene. Since the 
plants can be tested in a juvenile stage, a back-cross scheme can readily be carried out. 

In 1952 crosses were made in a hothouse between Highmoor and Lange Groene 
Broei and between Eminent and Highmoor. In the same year the resulting F, hybrids 
were backcrossed to Lange Groene Broei and Eminent respectively. 

In 1953, after testing the young plants, a restricted number of resistant plants of 
both backcross populations were planted in a hothouse. Plants of the desired fruit type 
were backcrossed again to Lange Groene Broei and Eminent respectively, the best 
plants were also selfed. In the same year the freshly produced seed was sown again. 
The young plants were tested for scab-resistance, after which the resistant plants 
grown in a hothouse and in frames were selfed. 

The crosses with Eminent produced many fruits with badly developed tops. As a 
result it were mainly the crosses with Lange Groene Broei which were continued. 
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In 1954 two hothouse cultures and one frame culture were carried out. In order to 
get lines homozygous for the resistant gene, plants with the desired characters were 
selfed only. Two lines from the cross Highmoor x Lange Groene Broei, once back- 
crossed to Lange Groene Broei — for the present called T2 and S4 — gave a very good 
impression both in a hothouse and a frame. 

In 1955 the best lines were again tested for scab-resistance and other characters. 
T2 and S4 were also tested by practical growers and judged to be very promising. 

In January 1956 a licence for the production of seed of the variety S4, later called 
Esvier, was granted to 12 Dutch seed growers. In 1957 sufficient seed of this variety 
will be available in the trade, but further tests will be needed to show whether it is 
worth introducing T2 also. 


4. BREEDING TECHNIQUES 


4.1. Crossing method. Cucumber plants are monoecious, the female flowers being 
readily recognizable by the elongated ovary. Crosses can easily be made because the 
flowers are large. To prevent insect-pollination both the male and female flowers 
should be tied up before the petals have unfolded. The female flowers are pollinated 
at the time when they would have opened normally (fig. 3). The best results are ob- 
tained in the morning, as soon as the plants are dry. To prevent seed setting due to 
subsequent insect-pollination the female flowers are then tied up again. A length of 


Fig. 3. METHOD OF POLLINATION 
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FIG. 4. UPPER PART, FROM LEFT TO RIGHT: 
A CLOSED AND AN OPENED RUAP-CLIP; MALE FLOWER BEFORE OPENING, SAME FLOWER PROVIDED 
WITH A CLIP; FEMALE FLOWER BEFORE OPENING, SAME WITH A CLIP TO PREVENT INSECT POLLIN- 
ATION. 
LOWER PART, FROM LEFT TO RIGHT: 
Two OPENED MALE FLOWERS; FEMALE FLOWER FULLY OPENED ; POLLINATED FEMALE FLOWER 


raffia is quite effective for tying up the flower, but if many crosses have to be made it 
is much easier to use a Ruap clip (fig. 4). The clip was at first used in the neighbour- 
hood of Amsterdam to fasten a cucumber scion to the Cuc. ficifolia rootstock. At the 
experimental garden at Sloten this clip proved to be very useful in pinching the 
flowers. After a few days the clip can be removed from the pollinated flowers. It is 
undesirable to remove the drying part of the flower from the young fruit, as this might 
inhibit further development of the fruit. 

4.2. Cuttings. Cucumber cuttings can easily be rooted, and in our breeding work 
this property was used to obtain more material of promising plants. Work on plants 
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FIG. 5. CUCUMBER CUTTINGS 


that have been selected in frames can be continued in a hothouse by using cuttings. 

Young plant tops about 10cm long, cut off with a sharp knife, are used as cuttings 
(fig. 5). The cuttings are placed slantwise in a loose, moisture-holding soil mixture 
at a temperature of from 25 to 30°C. The underground part of the stem should not 
be longer than 2-3 cm. To keep air humidity high, the cuttings are placed under a 
sheet of glass or plastic and sprayed regularly. They are also shaded on sunny days. 
After a few days the cuttings start rooting and are placed in pots after a week. 

4.3. Testing for scab-resistance. Use has been made of the method described by 
WALKER (9). The plants to be tested are grown on in pots. As soon as the first normal 
leaf has developed properly and the second leaf has become clearly visible, the pots 
are placed under a very high humidity. The fungus may be cultured in tubes of agar. 
An aqueous suspension made of the spores can then be applied to the plants with a 
mist sprayer. As far as is known strains of Cladosporium cucumerinum do not exist, 
but as a precautionary measure we have always used a mixture of cultures of different 
origin. For the first six hours at least, air humidity should be kept at 100 %; later it is 
possible to aerate. The temperature should range from 15 to 20°C, the difference 
between resistant and susceptible plants being clearest at 17°C. After about 5 days 
stem tops and petioles of susceptible plants are entirely rotten, the leaves being 
covered with olive-coloured spores. The resistant plants are hardly affected, although 
small light-coloured leaf spots always occur which subsequently become more or less 
necrotic (fig. 6). 
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FIG. 6. TESTING FOR SCAB-RESISTANCE. BOTH RESISTANT AND SUSCEPTIBLE PLANTS ARE SHOWN IN THE 
PICTURE 


It is also possible to check resistance in full-grown plants (HUBBELING, 5). To this 
end healthy, actively growing stem tops 15-20 cm long are placed in glass pots or 
bottles with water under high humidity. Resistance can be judged 5-6 days after in- 
oculation. 

4.4. Heredity. The number of plants used was too small to give a complete picture 
of the inheritance of the characters involved. However, such conclusions as may 
safely be drawn are given below. 

Highmoor is an outdoor slicing eucumber with fruits 20-25 em long, warted and 
white-spined, in unripe condition green-mottled with distinct greyish-green streaks 
running from the top to the middle of the fruit (fig. 7). Resistant to scab. 

Lange Groene Broei and Eminent are frame cucumbers of which the fruits are 40 
50 em long, uniformly green, without or in a later stage with slightly light green 
streaks at the top, without warts, spineless (fig. 7). Susceptible to scab. 

F, Highmoor x Lange Groene Broei and F, Eminent Xx Highmoor have dark green, 
mottled, warted and spined fruits with light streaks at the top (fig. 7). Resistant to 
scab. 

Fruit length. Both F, hybrids between Highmoor and long frame cucumbers ap- 
peared to be long fruited. This was also the case with all plants of the first backcross 
populations. Consequently the fruit-length of long frame cucumbers must be dependent 
on one or more dominant factors. When measuring the fruit length of full-grown fruits 
of once selfed first-backcross populations it appeared that the number of plants 
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Fia. 7. FROM LEFT TO RIGHT: FRUITS OF HIGHMOOR, LANGE GROENE BROEI, F‚ HIGHMOOR X LANGE 
GROENE BROEI AND ESVIER 


producing short fruits was very small. Eight out of 93 plants produced fruits that were, 
on average, shorter than 37 cm. 

Outward appearance of fruit. The distinct lighter coloured longitudinal streaks and 
the green-mottled fruit colour of Highmoor are dominant. Half the number of plants 
of the two first-backcross populations produced fruits of the desired uniform green 
colour; the remainder produced fruits closely resembling those of the F,. The pre- 
sence of warts is dominant. 

Parthenocarpic fruits. As the female flowers were pollinated regularly, no data could 
be collected on the inheritance of parthenocarpy. The lines so far obtained, which 
possess the fruit characters desired by us, all set fruit parthenocarpically. 

Scab resistance. The following figures were obtained: 
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Number of plants 
Resistant Susceptible 

BACKCROSS POPULATIONS: | 
(Eishmoors SErGreBroenkalGi Broen ne 52 50 
(Eminent siehmoonPsEminenten nn 39 63 
91 113 

RESIST. PL. FROM: 

(iEehmoonps ASGIAB AIP ALTGINBI LGB 36 52 
([Eminent x Highmoor] x Eminent) Xx Eminent .. ...... 93 84 
129 136 

SELF-POLLINATED : | | 
Glaehmoom ALSGrBE)joel sGr. Bral selfed.an enn 197 73 
(Eminent Xx Highmoor) Xx Eminent te EEN Ver ET 90 23 
| 287 9%6 


As already stated, scab-resistance depends on 1 dominant factor. From the first 
backcross of the F‚ (= Rr) to the susceptible parent (— rr) 50 % susceptible and 50 % 
resistant plants may be expected theoretically. The same is true of the 2nd backcross 
of resistant plants to the susceptible parent. Adding up the figures obtained for both 
parents we get 91:113 and 129: 136. 

If resistant plants from the first-backcross population (—= Rr) are selfed, 3 resistant 
against 1 susceptible may be expected theoretically. Adding up the figures for both 
parents gives 287: 96. 


SUMMARY 


Scab caused by the fungus Cladosporium cucumerinum, may cause serious damage 
to frame cucumbers. Bulbosan (trichlorotrinitrobenzene) is an effective chemical 
means of control. Between 1945 and 1954 this German fungicide could not be sup- 
plied, and, as a result, the need for resistant varieties became very great. 
Before 1920 scab-resistance in pickling cucumbers was already known to Dutch 
growers. Selection started around 1920 on the initiative of W.G. v. p. KROFT and 
resulted in some scab-resistant pickling cucumbers of which Baarlose Nietplekker VI 
is still widely grown. In 1948 G. W. v. p. Herm (Exp. Garden at Sloten) started 
breeding a scab-resistant yellow slicing cucumber destined for gardeners in the neigh- 
bourhood of Amsterdam. The resistant variety Highmoor was used as one parent. 
In 1954 the yellow variety Vios and the white variety Mabro were introduced. In 1952 
_G. W. v. p. HeLM at the Exp. Garden Sloten, and J. M. ANDEWEG at the Institute of 

Horticultural Plant Breeding, Wageningen, simultaneously started breeding green 
_scab-resistant frame cucumbers, using Highmoor as the resistant parent. In 1955 the 
experimental garden at Sloten introduced the scab-resistant green slicing cucumbers 
_Amato and Proso, while in 1956 the Institute of Horticultural Plant Breeding intro- 
_duced the scab-resistant green slicing cucumber Esvier. In 1953 seed of 2 first-backcross 
| populations was supplied by the Institute to seed growers. At present intensive bree- 

ding for scab-resistance is also being carried out by a number of Dutch seed growers. 
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Scab-resistance depends on one dominant gene; and young plants can readily be 
tested for resistance. Consequently a backeross scheme can easily be carried out. 
Rapid breeding is possible because at least 2 cultures can be carried out yearly. If 
necessary, cuttings of promising plants can be taken. Before and after artificial polli- 
nation the flowers can be tied up with raffia. It is simpler, however, to pinch the flowers 
with a special stainless clip as originally used for grafting cucumbers. 

The uniform fruit colour of the Dutch green frame slicing cucumbers is a recessive 
character; the fruit length of the Dutch varieties is dominant. 


SAMENVATTING 


Het kweken van vruchtvuur-resistente platglaskomkommers in Nederland 


Vruchtvuur, veroorzaakt door de schimmel Cladosporium cucumerinum, kan ern- 
stige schade veroorzaken bij de platglaskomkommerteelt. Met Bulbosan (trichloor- 
trinitrobenzeen) kan de ziekte goed bestreden worden. Tussen 1945 en 1954 kon dit 
middel van Duitse herkomst niet geleverd worden. Hierdoor ontstond er grote be- 
hoefte aan resistente rassen. 

Vruchtvuurresistentie bij augurken was vóór 1920 reeds aan de Nederlandse telers 
bekend. De op initiatief van W.G. v. p. KROFT omstreeks 1920 begonnen selectie 
leidde tot resistente augurkenrassen, waarvan Baarlose Nietplekker ras VI nog steeds 
veel geteeld wordt. In 1948 begon G. W. v. p. HELM op de proeftuin te Sloten met 
het kweken van een vruchtvuurresistent geel komkommerras voor de tuinders in de 
omgeving van Amsterdam. Het Amerikaanse resistente ras Highmoor werd als resis- 
tent uitgangsras gebruikt. In 1954 werden het gele ras Vios en het witte ras Mabro 
geïntroduceerd. 

In 1952 werd op de proeftuin Sloten en bij het Instituut voor de Veredeling van 
Tuinbouwgewassen gelijktijdig begonnen met het kweken van vruchtvuurvrije groene 
platglaskomkommers. Ook hierbij werd Highmoor als resistente ouder gebruikt. 
In 1955 introduceerde de proeftuin H.U.V. te Sloten de rassen Amato en Proso. In 
1956 introduceerde het 1.V.T. het ras Esvier. Door het L.V.T. werd in 1953 aan belang- 
stellende selectiebedrijven zaad afgegeven van de eerste terugkruisingspopulatie; op 
enkele bedrijven werkt men thans ook intensief aan vruchtvuurresistentieveredeling. 

Vruchtvuurresistentie berust op één dominante erffactor; jonge planten kunnen 
gemakkelijk kunstmatig op resistentie getoetst worden, waardoor een terugkruisings- 
schema gemakkelijk uit te voeren is. Er kan snel gewerkt worden daar minstens twee 
teelten per jaar mogelijk zijn en zo nodig van waardevolle planten gemakkelijk stekken 
gemaakt kunnen worden. Voor en na de kunstmatige bestuiving kunnen de bloemen 
met raffia dichtgebonden worden. Nog eenvoudiger is dichtknijpen met een speciale 
roestvrije clip, die oorspronkelijk gebruikt werd bij het enten van komkommers. 

De uniforme vruchtkleur van de Nederlandse groene platglaskomkommers erft 
recessief over, de lengte van de Nederlandse rassen erft dominant over. 
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INTRODUCTION 


There is much difference in the sensitivity of radish varieties to getting pithy. Sensi- 
tive types are used as well as resistant ones. 

When sown early in the open (about March), varieties with a certain degree of 
resistance to pithiness are preferred. But when sown very early (e.g. January) under 
glass, professional men are not afraid to use very sensitive types, provided that they 
grow quickly. 

It may be that this is justified by the tendency to harvest radishes grown under glass 
at an earlier stage of development than open air radishes. However, it also might be 
presumed that the difference in day length has some effect. It ís well known that the 
flowering of radishes is mainly controlled by the length of day (1, 2, 3). If pithiness of 
the roots always preceded flowering, this could imply a day length influence on pithi- 
ness as well. 

Therefore, as part of a programme to get a better basis for selection work, a study 
of growth and pithiness under different lengths of day was made. 


MATERIALS AND METHODS 


In the present experiments two varieties of A. R. ZWAAN & Sons were used: 
Cherry Belle, very resistant to pithiness, and Nr. 6205, a typical early variety that 
ripens quickly and easily becomes pithy. This is illustrated in Fig. 1, which shows 
the course of the percentage of pithy roots of both varieties in comparison with six 
varieties of ordinary sensitivity, in a field experiment. 

The two varieties were sown on January 17, 1956, in rows in flat asbestos boxes 
fixed on small wheeled tables, called trucks. The seedlings were transplanted on 
February 8 and 9; each seedling in a pot of 8 cm diameter. 
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PERCENTAGE OF PITHY ROOTS 
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FIG. 1. COURSE OF THE PERCENTAGES OF PITHY ROOTS OF CHERRY BELLE, NR. 6205 AND SIX VARIETIES 
OF AN AVERAGE SENSITIVITY, IN A RANDOMIZED BLOCK EXPERIMENT (55 A). THE VARIETIES WERE 
SOWN AT APRIL 21, 1955 


The experiments were carried out in the phytotron of our institute, and the day 
length treatment started on January 30. Every day, from 8 a.m. till 4 p.m., the plants 
were in a glasshouse kept at a constant temperature of 17°C, the maximum deviation 
from the mean temperature being about 1 °C. At 4 p.m. all trucks were moved from 
the glasshouse to air-conditioned compartments kept at the same constant tempera- 
ture, but here the maximum deviation from the mean temperature was about }°C. 
In addition to the 8 hours of natural day light the plants received here 0, 2, 4,6, 11, or 
16 hours of artificial light. The following morning at 8 a.m. the trucks were returned 
to the glasshouse. 

The artificial light in the air-conditioned compartments was provided by Philips 
fluorescent tubes, type white nr. 33. The radiant energy between 4000 and 7200 Á was 
about 6000 m W/m? at plant height. 

Thus six different day lengths (8, 10, 12, 14, 19 and 24 hours) were given, all at 
17°C. Each treatment was given to two trucks, each truck containing both varieties. 

There were five successive harvests (February 27, and March 1, 5, 8, and 12), at 
each of which 12 plants of Cherry Belle and 10 plants of Nr. 6205 were pulled per 
truck. 

Plants were classified for bolting and signs of pithiness or woodiness. The weights 
of the root and foliage were recorded for each individual plant, and, at the first three 
harvests, all leaves of each harvested plant were phototyped. 
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BOLTING AND PITHINESS AT DIFFERENT LENGTHS OF DAY 


The proportion of plants bolting and/or pithy of each treatment were expressed 
as average percentages. They are shown in Table 1. 


TABLE 1. BOLTING AND PITHY PLANTS EXPRESSED IN PERCENTAGES OF TOTAL NUMBER OF PLANTS PER 


TREATMENT 

Percentage of bolting Percentage of pithy 

Variety Length of day plants in harvest no. roots in harvest no. 
| 2) 3 4 5 1 9 3 4 5 
ChernyabBelle mn 8 hours 0 0 0 0) 4 0 0 4 SS 
LON 0} 8 0 0 4 0 Oel AS Ir A A2 
125 05 0 0 0 0 0 0) 0 SS ROS 
Wb 0 0 0 4 4 0 On l7en eel 7en SS 
Ke 25 29 ZAO 0) 0 Sel SS 
Dhn PSA ESS OSM ONO G 0 ON SONRS 2 SO 
INGAG205 8 hours 0 0 0 O0 | 10 0 Si UO je HO EO 
LO Oalms0 0 OMRLS Op AOP 409 70090 
| DAE ON MRO 16 0 15 0) 20 53 85 95 
nti Oel 5120135 (PAS VSA BONE SORINS) 
19 4 LON SOM SOR OSM ESO, 0 SPS tn 40) 
Dek [30 | 70-80-1100: 957 OS AOP 60 NE AS ANSO 


Apart from a few irregularities which can be ascribed to the heterozygous nature of 
this heterogamous plant, bolting shows a fair response to day length. Both varieties 
show an increasing percentage of bolters at the longer day lengths from the first 
harvest, with the highest percentages at 24 hours. At 14 hours Nr. 6205 starts bolting 
in the second harvest, whereas Cherry Belle does not do so until the fourth harvest. 
At the shorter day lengths bolting of both varieties seems to start in the fifth harvest. 

Pithiness does not show any direct relation to the length of day. At some day lengths 
pithiness is more severe, but it is not proportional to the length of the daily photo- 
period. 

As every individual plant was inspected for bolting, pithiness, and woodiness, it 
can be ascertained whether bolting is associated with either of the other two char- 
acters. The results have been classified in Table 2. 

In the successive harvests the ratio not pithy / pithy roots of Cherry Belle is 19: 0, 
21: 0, 155,5, 2459 and 28:14; of Nr. 6205.it i8:8:%0, 923 cn 572010 925 2 Rand 

As most plants have bolted without being pithy, this is additional evidence to that 
of Table 1 that pithiness is not a preliminary of flowering in radishes. 

Woodiness does not necessarily precede bolting either. Of Cherry Belle 102 bolters 
were not woody against 33 that were woody. For Nr. 6205 this ratio is 102: 57. There 
is a slight increase of woody roots in the successive harvests. 


198 


SOME EFFECTS ON GROWTH AND PITHINESS OF RADISHES 


TABLE 2. DISTRIBUTION OF THE NUMBERS OF BOLTED PLANTS AMONG FOUR CLASSES: “SNOT PITHY NOT 


99 GC 99 66 


WOODY ', “NOT PITHY WOODY’', “PITHY NOT WOODY”’, AND ““PITHY WOODY’’ 


Harvest nr. Pithy Woody Cherry Belle Nr. 6205 
1 — — 15 4 
— + 4 4 
sik a 0 0 
de DI 0 0 
2 — — 17 12 
el il 4 Lt 
En n (0) 1 
EI sE 0 0 
3 — — 10 11 
— oi 5 9 
aijn = 5 8 
TE sE 0 1 
4 — 15 10 
= de 9 15 
SE = 9 18 
Ei de 0 3 
5 — {j 9 
E de 11 2 
JE = 14 29 
EE + 0 12 


GROWTH RATE AT DIEEERENT LENGTHS OF DAY 


At the first three harvests the leaves of every plant were phototyped, so that their 
size and number could be studied later on. Together with the root and foliage weights 
these data can give a fairly good idea of the type of growth of the plants up to the 
third harvest. 

Table 3 gives average root weights, average foliage weights and average numbers of 
leaves per plant. 

Evidently the growth rate of the plants increases with daylengths from 8 to 12 
hours. Looking at the averages of the three harvests the root weights at 12 hours are 
greater than at 10 hours; at 10 hours they are also greater than at 8 hours, but here 
the difference is smaller. At 14 and 19 hours they drop about to the level of 8 and 10 
hours, with this restriction that the root weight of Cherry Belle is somewhat higher 
at 14 hours. 

The root weights at 24 hours are considerably higher, but the average of the three 
harvests does not reach the level of that at 12 hours. In the first harvest the average 
root weights at 24 hours were at least at the level of those at 12 hours, but their in- 
crease in the following harvests becomes less and less; for Nr. 6205 the root weight 
at 24 hours is lower than that at 12 hours in the second harvest, whereas for both va- 
rities they are lower in the third harvest. 

Probably it is the interaction with the condition that leads to bolting that gives a 
reduction in the growth rate at the three longer day lengths. It is remarkable that this 
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TABLE 3. GROWTH RATE OF ROOTS AND FOLIAGE UP TO THE THIRD HARVEST 


L h Cherry Belle Nr. 6205 
ee in harvest nr. in harvest nr. 
9 _ ze me Ee _ 
ed 5) 3 Av. I 2 3 Av. 


8 hours Average root weight (g) 1.05 (EO 7 SL 2208 1586 2201 AEN 2 


Av. foliage weight (g). . 167 E23 ONES OO mn E25 (E83 E24 SSM 204 
Average leaf number. . | 4.8 4.8 5.8 Soll 5.0 52 6.9 SN 
10 hours Average root weight (g) | 1.58 | 2.07 | 337 | 2.34 | 1.61 2.89 | 4.43 | 2.98 
Av. foliage weight (2). . | 25261 2560 MSIE MOON E22 MSO 293 
Average leaf number . . 5.1 5.1 Sj) 5 Sell 5.0 5.8 Sas) 
12 hours Average root weight (g) OAT BOR AES SR EOS 2 AN ES ON NOM AEOS 
Av. foliage weight (g). . DS ZT NES TSN ESSA TAS 2 SNS OTIS SG 
Average leaf number . . 4,8 5.4 5.4 DZ 4.7 SE 5.6 De 
14 hours Average root weight (g) 15535 Ip 230 EAO IE 2564 ETE GAT DEL ONS EO TANNE 60 
Av. foliage weight (g). . 245 IZESTE 352 EOS SS DES MISE ZO MIN 255 
Average leaf number . . 44 5.0 5.4 4,9 Sell Dalt 5.6 5.3 
19 hours Average root weight (g) 1.54 157503 22220 ET AN ES ELT ZS 
Av. foliage weight (g). . 623 SAAS 3:50 | 3.09 | 413 ended 3.96 
Average leaf number . . 5.0 5.0 5.6 22 Sl Sal SE) 52 
24 hours Average root weight (g) WOOS SOS ESES SMIS ID | SID) 
Av. foliage weight (g). . 345 4 OOMS 7 A LN ESE OOMS ESO O TNS HD 
Average leaf number . . 5.0 5,3 5) DS) 5.0 5.4 9 5.4 
Average Average root weight (g) 15602 ORS NT AN ZES 2.07 | 2.86 | 4.44 | 3.17 
Av. foliage weight (g). . 26255312 SISON ESO NEOS SELS AE TNS EOL 
Average leaf number . . 4.9 5.1 SES) 52 5.0 SI 5.6 3 


effect is also visible at 14 hours, when bolting only occurs in later harvests. But the 
opinion that the growth rate is reduced by the induction of the bolting condition, is 
corroborated by the fact that the root weight of Cherry Belle at 14 hours is reduced. 
less than that of Nr. 6205 at the same day length. As Table 1 shows, with day lengths 
of 14 hours, Nr. 6205 begins to bolt at an earlier harvest than Cherry Belle. 

In days of 8, 10 and 12 hours the foliage weight has a tendency to increase with the 
increase in the length of day. At the day length of 14 hours the foliage weight of both 
varieties drops below the level of that at 12 hours: at 19 and 24 hours it is much 
higher. This is partly caused by the development of flower stalks at 19 and 24 hours. 

Table 3 shows that the number of leaves is essentially the same at all day lengths, 
and Figures 2 and 3 show that the size of the leaves is gradually increasing with the 
increase of day length. This is in agreement with the results of WEAVER and HIMMEL (4) 
with the radish variety White Icicle. So it is the increase in the size of the leaves (not 
in the number of leaves) under the influence of day length that causes a higher foliage 
weight. The greater size of the leaves evidently causes a higher growth rate of the roots 
in cases where this is not reduced by the induction of the bolting condition. 
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24 


FIG. 2. CHERRY BELLE AT SIX DAY LENGTHS. PHOTOTYPED LEAVES OF ONE PLANT PER DAY LENGTH, 
IN EACH CASE REPRESENTING AS MUCH AS POSSIBLE THE AVERAGE SIZE. DAY LENGTHS ARE IN- 
DICATED BY THE NUMBERS 8, 10, 12, 14, 19, 24. 
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Fie. 3. NR. 6205 AT SIX DAY LENGTHS. PHOTOTYPED LEAVES AS IN FIG. 2. 
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PERCENTAGE OF PITHY ROOTS 
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Fia. 4. RELATION BETWEEN PERCENTAGE OF PITHY ROOTS AND AVERAGE ROOT WEIGHT AT THE DIFFERENT 
LENGTHS OF DAY 


GROWTH RATE AND PITHINESS OF THE ROOTS 


General experience has shown that the chance of becoming pithy increases with the 
size of the radishes. As we have seen that the growth rate of the roots tends to become 
greater with increasing day length (in the absence of bolting), it may be useful to 
look for a possible relation between the size of the roots and the percentage of pithi- 
ness. Therefore in Fig. 4 the percentage of pithy roots (Table 1) has been plotted 
against the average root weight (Table 3). 

With Nr. 6205 we see a strong relation between the average root weight and the 
percentage of pithy roots. This percentage rises with average root weight. Evidently 
the differences in pithiness expressed in Table 1 can largely be explained on the basis 
of different root sizes. 

With Cherry Belle the situation seems to be more complicated. For the day lengths 
of 8 to 19 hours the same relationship may hold, though it is not shown as clearly as 
with Nr. 6205. But the curve of the day length of 24 hours seems to indicate too high 
a percentage of pithiness for the average root weight that is attained. A possible 
explanation is suggested by the fact that at the day length of 24 hours Cherry Belle 
had an exceptionally high proportion of very small roots. The distribution of these 
small roots in the last three harvests was as follows (Table 4). 


202 


SOME EFFECTS ON GROWTH AND PITHINESS OF RADISHES 


TABLE 4. DISTRIBUTION OF CHERRY BELLE ROOTS AT THE DAY LENGTH OF 24 HOURS 


5 Number of roots in harvest nr Average 
Size A k root weights 
3 A | 5 Sn | in grammes 
Not pithy Large 5 yĳ | 3 5 | 1.6 
Small 10 12 9 | 31 1.9 
Pithy Large 4 2 8 14 8.7 
Small | 4 | 3 | 4 1 3.4 


Of the non-pithy roots there were 31 very small, mostly early bolters, but some 


lagging behind for some other reason. The high proportion of these very small roots, 
which were not observed in such quantity in any of the other cases, certainly has 
exerted a depressing influence on the average root weight. 


For comparison the percentages of small roots at all the day lengths in the last 


three harvests have been reproduced in Table 5, for both varieties. 


TABLE 5. NUMBER OF SMALL ROOTS IN THE THIRD, FOURTH, AND FIFTH HARVEST, EXPRESSED AS A 


PERCENTAGE OF TOTAL NUMBER OF ROOTS 


gl: 


íe 


(83: 


Cherry Belle Nr. 6205 
Day 2 
length Sal Proportion of | Froportion of Sat Proportion of | Proportion of 
(hours) } small roots small roots small roots small roots 
, roots j jk roots 9 k 
bolting pithy bolting pithy 
Bare eld eros 5 18 % 8% = n 
12 We — = O5 20 % 60 % 
14 18 % 8% DI 15 50 % — 
19 310 SA 5 DON O8 — 
24 6180/5 86% 34:95 30 100 % 290/5 


Evidently, in most cases, small roots were the result of early bolting. 


SUMMARY 


The influence of six different day lengths at 17°C on growth and pithiness of two 
radish varieties was studied. 

In accordance with earlier investigations bolting gave a clear response to day 
length. At day lengths of 19 and 24 hours the plants bolted very quickly, at 14 hours 
more slowly, and at 8, 10 and 12 hours very slowly. 

There was no direct influence of day length on the degree of pithiness. To some 
degree there was an indirect influence via the growth rate of the roots as the chance 
of getting pithy increased with the increase in size of the roots. 


„ The number of leaves was essentially the same at all day lengths, but their size 


increased with longer day length. This evidently was the cause of a higher growth rate 
of the roots at longer days, in those cases where the bolting condition of the plants 
had not yet been induced. At the day lengths of 14, 19 and 24 hours the induction 
of the bolting condition reduced the growth rate of the roots very appreciably. 
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Invloed van de daglengte op de groei en voosheid van radijs 


1. De invloed van zes verschillende daglengten bij 17°C op de groei en de voosheid 
van twee radijsrassen werd nagegaan. 

2. In overeenstemming met vroegere onderzoekingen reageerde het schieten van de 
planten duidelijk op de daglengte. Bij een daglengte van 19 en 24 uren schoten de 
planten zeer vlug, bij 14 uren langzamer en bij 8, 10 en 12 uren zeer langzaam. 

3. De daglengte had geen directe invloed op de mate van voosheid. Tot op zekere 
hoogte was een indirecte invloed te herkennen via de groeisnelheid van de knollen, 
daar de kans op voosheid toeneemt naarmate de knollen groter zijn. 

4, Het aantal bladeren per plant was bij alle daglengten ongeveer gelijk, maar de bla- 
deren waren groter naarmate de daglengte groter was. Dit was kennelijk de oorzaak 
van een snellere knolgroei bij langere daglengte, welke optrad in die gevallen waar- 
in de planten nog niet tot doorschieten waren geïnduceerd. Bij een daglengte 
van 14, 19 en 24 uren, waar de planten al vroeg tot schieten waren geïnduceerd, 
had namelijk duidelijk een reductie van de knolgroei plaats gevonden. 
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1. INTRODUCTION 


In a recent issue of this periodical BANGA (1) discusses the design and activities of 
the Institute of Horticultural Plant Breeding. He states that modern plant breeding 
is in the first place based on genetics and cytology but to an increasing extent also on 
other sciences, e.g. plant physiology. 

With this in mind a Physiological Laboratory has been built with the object of 
providing the Institute with equipment by means of which it would be possible to 
study the reaction of horticultural plants to environmental conditions, to influence their 
development by the manipulation of the environment and to study their suitability 
for growing under certain sets of environmental conditions. For this purpose a number 
of glasshouses and experimental rooms have been constructed where, within certain 
limits, temperature and humidity of the air as well as duration and intensity of the 
light can be controlled. A laboratory provided with the facilities mentioned above is 
usually called “phytotron” (3, 2). A front view of our phytotron, which was put into 
service in the spring of 1953, is given in Fig. 1. 

In the design of the Laboratory the following points had to be considered. Physiolog- 
ical experiments demand a wide range for each of the factors temperature, humidity, 
duration and intensity of the light, and at the same time a high accuracy in the main- 
tenance of each factor at a given level. Consequently the experimental rooms should 
be small, their number considerable and the air-conditioning system extensive and 
fully automatic. 


FiG. 1. FRONT VIEW OF THE PH YTOTRON 
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In view of the often high heterozygosity in a number of horticultural crops fairly 
large numbers of plants had to be anticipated in each experiment. This fact, combined 
with the considerable dimensions of some of the objects (fruit crops) made it advisable 
to construct large rooms. 

Lastly the available funds put a limit to the number and the dimensions of the 
rooms as well as to the degree of perfection of the climatic control system. The Labora- 
tory as it has ultimately been constructed must therefore be regarded as a compromise 
resulting from the often conflicting demands of the above considerations. 

A visit by Dr. O. BANGA, Director of our institute, to Dr. F. W. Went, Professor 
of Plant Physiology, California Institute of Technology, Pasadena, U.S.A, during 
his American trip in 1945-46, has been of great importance for the design of the 
phytotron in its present form. Our thanks are due to Dr. F. W. Went for his valuable 
advice. 


2. THE DESIGN OF THE PHYTOTRON 


Figure 2 shows the groundplan of the building. On the north side are located lab- 
oratory rooms (L1, L2) and working rooms (W1, W2, W3) for the staff. Lavatories and 
washing rooms fitted with showers are on the west side. A boiler room, a room for the 
main refrigerating plant, a laboratory room (L3) and a glasshouse consisting of two 
sections (G1, G2), which have been specially constructed for research on nursery 
problems and vegetative propagation of fruit crops are on the east side. The exper imen- 
tal section is located on the south side of the building (Fig. 3). 

The design of the experimental part is based on the principle of maintaining constant 
temperature and air humidity in each of the glasshouses and experimental rooms and 
mobility of the plants. This mobility has been achieved by putting the potted plants 
on trucks. These trucks have tops of perforated metal plates of 90 x 100 cm and four 
wheels, two of which are swivel castors (Fig. 4). They can carry a load of 200 kg. 
There are 50 trucks with fixed tops and 30 of which the top plate can be vertically 
adjusted. 


Fig. 3. THE BACK OF THE PHYTOTRON WITH THE GLASSHOUSES 
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FIG. 4. TRUCK WITH FIXED TOP 


The experimental section consists of: 


a. A central corridor leading to the glasshouses and experimental rooms (Fig. 5). 
This corridor is wide enough to permit an easy passage of a large number of trucks 
and is also used for sowing, pricking and potting plants and for the preparation of 
plant material for analysis. 

b. Eight experimental rooms (A-H) of 3 x 5 metres of which five are “cold rooms” 
(temperature-range from —15°C to +20°C) and three are “warm rooms” (temperature- 


FIG. 5. CENTRAL CORRIDOR, AT THE LEFT DOORS OF THE EXPERIMENTAL ROOMS, AT THE RIGHT WORKING 
TABLES AND DOORS OF THE GLASSHOUSES (NOT VISIBLE IN THE PHOTOGRAPH) 
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Fig. 6. ViEw OF A COLD ROOM Fig. 7. VIEw OF A WARM ROOM 


range from + 18°C to +30°C). Both in the cold rooms (Fig. 6) and warm rooms 
(Fig. 7) plants can be artificially illuminated. 

c. Six glasshouses (G3-G8) of 6 Xx 10 metres with fixed side benches and a central 
space for trucks (Fig. 8). 


Fio. 8. A SURVEY OF A GLASSHOUSE WITH SOME TRUCKS OF WHICH THE TOP PLATE CAN BE VERTICALLY 
ADJUSTED 
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FIG. 9. PART OF THE REFRIGERATING ROOM. AT THE RIGHT THE TWO COMPRESSORS, AT THE LEFT THE TWO 
CONDENSORS 


Heating is provided by hot water pipes connecting with two boilers in the basement. 
These burn light fuel oil, which is stored in two 10,000 litre tanks. 

The boilers are identical, their combined capacity is 450,000 kcal/h. Except on very 
cold days in winter, one of the two can carry the load alone. 

The temperature of the water coming from each boiler can be automatically main- 
tained at any temperature-level between 20°C and 90°C. It is circulated through hot 
water pipes in the building by one of two centrifugal pumps. The pumps are placed 


METRES 


Fia. 10. LONGITUDINAL SECTION AND CROSS SECTION OF A COLD ROOM 
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parallel and each is directly connected with a 1 h.p. motor. In case of a defect the 
boilers as well as the pumps can replace each other. 

Cold brine serves as the main means of cooling for the experimental section. The 
brine, a concentrated solution of CaCl,, is cooled by the expansion of ammonia in 
two storage tanks of 1500 litres each in the refrigerating room. Two refrigerating 
units each with a 19 h.p. compressor (Fig. 9) have an expansion coil submerged in the 
brine, The compressed ammonia is cooled by groundwater of 11°C. The capacity of 
either compressor amounts to 12,500 kcal/h at -25°C evaporating temperature and 
+ 20°C. condensing temperature. During cold weather one of them can carry the 
total heat load, but as a rule they have to work simultaneously. The temperature of 
the brine in each tank can be kept constant at any level between +10 °C and -25 °C. 


3. CONTROL OF TEMPERATURE AND AIR HUMIDITY 


a. Cold and warm rooms 


Figure 10 shows a longitudinal section and a cross section of one of the cold rooms. 
Each room has an experimental chamber with a door opening on to the central corri- 
dor, and a cellar with the air-conditioning apparatus. The walls, ceiling and floor of 
the room are covered on the inside with an insulating layer of cork. The air-conditioner 
in the cellar consists of an airduct with a ventilator V, a heat exchanger R1 and spray 
chamber S. Each end of the conditioner is connected with one of the two spaces 
formed by placing perforated partitions at a distance of 12 cm parallel to the longitu- 
dinal walls of the experimental chamber. Cold brine circulates through the coils of 
the heat exchanger. 

The ventilator, with a capacity of 2500 m?/h, forces the air over the coils of the heat 
exchanger, where it is cooled, and through the spray chamber where it is moistened 
by a sprayer. The air then enters the experimental chamber by apertures of the parti- 
tion on one side, moves across the room in a mass, passes out through the holes in 
the partition on the other side and is returned to the conditioner. By opening the 
dampers Q1 and Q2 outside air is introduced into the air-circulation and at the same 
time used air is removed. Temperature is controlled by thermostat T which starts the 
pump of the cold brine circulation, each time the temperature of the experimental. 
space rises above the chosen level. 

In the air circulation system of each room are two electric heaters R2 of 1250 W 
capacity. This compensating source of heat is needed to reach and maintain the higher 
levels in the temperature range and to flatten out the oscillations in the temperature 
curve that tend to appear at these levels. Both heaters are regulated by the same 
thermostat T which controls the pump of cooler R1. 

Humidity is controlled by the humidistat H which opens the solenoid valve of the 
sprayer as soon as the air becomes too dry. 

Figure 11 shows a longitudinal section and a cross section of one of the warm rooms. 
The air in these rooms is conditioned in the same manner as in the cold rooms with 
this difference that the air is heated when circulating over the coils of heat exchanger 
R3. Moreover, a re-heating coil Rs is fitted behind the spray chamber S. To ensure a 
satisfactory control of the temperature range each room also has a small refrigerating 
unit with a capacity of 3500 kcal/h at +5°C evaporating temperature and +25 °C 
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Fig. 11. LONGITUDINAL SECTION AND CROSS SECTION OF A WARM ROOM 


condensing temperature. Cooling is effected by direct expansion of freon in the coils 
R,. The thermostat T controls both the cooler R1 and the heater R3. 


b. The glasshouses 


Figure 12 shows a cross section of one of the glasshouses. Thermostat T1 operates 
the motor valve in the hot water supply, thus controlling the circulation of hot water 
through the pipes R5 running under the side benches and along the vertical side walls 
and the glass of the roof. By this simple arrangement temperature levels lying above 
the outside air temperature can be satisfactorily maintained. 

To counteract a rise of temperature each glasshouse is provided with a ventilation 
system which consists of a ventilator V and two airducts D running lengthwise under 
the side benches. As soon as the temperature rises akove the level set on thermostat 
T2, outside air is blown into the ducts by the ventilator. Through apertures over the 
whole length of the ducts it flows into the glasshouse to replace the hot air which 
escapes through the windows W in the top. The capacity of the ventilator in each 
glasshouse amounts to 3000 m?/h enabling 20 air changes per hour or one every three 
minutes. 

Air humidity is controlled by the humidistats Hi and H2. Humidification of the 
air is effected by a fine water spray produced by 6 nozzles and regulated by the hu- 
midistat H1 which controls the electromagnetic valve in the water supply to the spray- 
ers. A lowering of humidity by the introduction of outside air is effected by humidistat 
H2 which controls the switch of the ventilator V. 

Additional cooling of the air is achieved by the interaction of humidity and tem- 
perature control. On sunny days the outside air is usually dry and becomes even drier 
when its temperature has been brought to the desired level after introduction into the 
glasshouse. The humidity control system then raises the relative humidity to the level 
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Fia. 12. CROSS SECTION OF A GLASSHOUSE 


maintained in the glasshouse. The uptake of heat accompanying the evaporation of 
the necessary amount of water results in a lowering of the air temperature. 

In one glasshouse, numbered G3 on the plan of Figure 2, a switch-over is possible 
from cooling by means of ventilation to cooling by means of refrigeration. Here the 
airducts under the side benches have their ends connected with an airduct running 
lengthwise in the top of the house. A ventilator draws the air through the apertures 
of the upper duct and forces it over two brine-cooled heat exchangers (Fig. 13). The 
cooled air is then reintroduced into the glasshouse through the apertures of the two 
lower ducts, from where it rises again to the duct at the top. 

The thermostat T1, which controls the hot water heating system of this glasshouse 
also operates the circulation pump of the two coolers. Here humidity control is 
identical with that of the other 5 glasshouses. During summer the temperature in this 
house can be kept at 17°C, provided shades are used during sunny periods. 


4, CONTROL OF THE LIGHT FACTOR 


In the 5 cold rooms artificial illumination is possible up to an intensity of about 
30,000 m W/m? As a main source of light Philips high pressure mercury vapour lamps 
HO 450 W are used. To compensate the deficiency in the red part of the spectrum of 
the mercury lamps, incandescent lamps have been added in a ratio of 1/3 of the total 
capacity. 

Figure 10 shows that the lamps are mounted outside the experimental chamber 
over the glasswindows in the ceiling. By this arrangement combined with a 2 cm layer 
of running water on the glass panes the convection heat as well as the heat radiation 
of the lamps is prevented from entering the experimental chambers. This allows an 
effective control of temperature even at high light intensities. 
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COOLED GLASSHOUSE WITH AIR- 
DUCT AND VENTILATOR IN THE 
TOP. AT THE LEFT ONE OF THE 
BRINE-COOLED HEAT EXCHANGERS. 
NEXT TO, IT A FIXED BOX CON- 
TAINING REACTANCE COILS AND 
CONDENSERS FOR HIGH PRESSURE 
MERCURY VAPOUR LAMPS; ON THE 
FLOOR TWO MOVABLE BOXES. 


In the 3 warm rooms Philips fluorescent tubes are mounted inside the experimental 
chambers which can be divided into 3 compartments by means of curtains (Fig. 7). 
This light source offers the possibility of varying the spectral composition of the light 
by using different types of lamps. In these rooms artificial illumination is possible 
up to an intensity of about 15,000 m W/m? 

Also in the glasshouses natural daylight can be intensified or its duration lengthened 
by artificial illumination. Here again the high pressure mercury vapour lamp 
HO 450 W is used, because it combines high light intensity with relatively modest 
dimensions. With this type of lamp therefore an adequate illumination of the plants 
can be achieved without the drawback of intercepting a large part of the daylight. To 
this end each glasshouse is fitted with two fixed boxes each containing reactance 
coils and condensers for four high pressure mercury vapour lamps. An additional set of 
movable boxes is available for increasing the number of these lamps from 8 to 20 (Fig. 
13). Moreover, supplementary illumination can be supplied from incandescent lamps. 

In all experiments the duration of artificial illumination is controlled automatically 
by time clocks. 
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Fi. 14. THERMOGRAMS OF TWO GLASSHOUSES KEPT AT 17 °C AND 20 °C RESPECTIVELY TOGETHER WITH 
THERMOGRAMS FROM THE WEATHER BOX IN THE CORRESPONDING PERIOD. NOTICE THAT ON 
EXCEPTIONALLY HOT DAYS THE TEMPERATURE IN THE 20°C GLASSHOUSE RISES TO ABOUT 
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Fig. 15. HYGROGRAMS OF A GLASSHOUSE KEPT AT 23°C TOGETHER WITH HYGROGRAMS FROM THE 
WEATHER BOX IN THE CORRESPONDING PERIOD 


Fig. 16. A THERMOGRAM OF ONE OF THE COLD ROOMS KEPT AT 8 °C 
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5. EXPERIENCE WITH THE EQUIPMENT 


The experience gained in the past three years with the control of temperature and 
humidity in the glasshouses and experimental rooms are summarized in Table 1 and 
demonstrated in the Figures 14, 15 and 16. 


TABLE 1. POSSIBILITIES AND LIMITATIONS OF THE EQUIPMENT 


Room Climatic factor Range Accuracy 
Glasshouses Temperatures + 10°C tot 25°C 2°C 
winter-season 
Temperatures | +23’ to +35°C IE 
summer-season (+18° to + 35°C 
in cooled 
glasshouse) 
Humidity 65% to 95 % 20 % 
winter-season 
Humidity BIO ON 20 % 
summer-season 
Experimental Temperature —15° to +40°C IRG 
rooms 
Humidity 65 % to 95 % 10% 
SUMMARY 


A description is given of the physiological laboratory consisting of a number of 
glasshouses and experimental rooms where, within certain limits, temperature and air 
humidity as well as duration and intensity of the light can be controlled. 

“At the end of the paper 3 years’ experience with the control of temperature and 
humidity is summarized. 


SAMENVATTING 


Het fytotron van het Instituut voor de Veredeling van Tuinbouwgewassen 
te Wageningen 


Een beschrijving wordt gegeven van het fysiologisch laboratorium, bestaande uit 
een aantal kassen en cellen waar, binnen bepaalde grenzen, temperatuur en lucht- 
vochtigheid benevens de duur en de intensiteit van het licht geregeld kunnen worden. 

Aan het slot van het artikel zijn de gedurende drie jaren opgedane ervaringen met 
het beheersen van de temperatuur en luchtvochtigheid samengevat. 
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REVIEWS OF BOOKS 


CURRENCE, T. M., Vegetable Crops Breeding (Teaching Manual). Agric. Book 
Store Univ. of Minnesota, St. Paul. 1954. 272 pp, $ 4,—. 


Dit collegedictaat van een cursus over veredeling van groentegewassen bevat alge- 
mene hoofdstukken over erfelijkheidsleer, selectiemethoden, gebruik van heterosis bij 
de groenteveredeling en statistische methoden. 

Speciale hoofdstukken zijn o.a. gewijd aan de veredeling van tomaat, asperge, bonen 
en erwten, komkommer en meloen, wortelgewassen, kool, ui, sla en selderij. 

Aan elk hoofdstuk is een literatuurlijst toegevoegd. 


HAAN, H. DE and UiLENBURG, N. G., Wageningen (Netherlands) Centre of 
Agricultural Science, 1956, 152 pp. 


With the aid of this guide any visitor from abroad can find his bearings among the 
many institutes and laboratories of the agricultural centre and obtain an idea of the 
work that is going on. The members of the staffs are named. 

At the end it contains references to Dutch names of the institutions and of the per- 
sons mentioned and a plan of the city, showing the location of the institutions. 

Abroad the guide is used to prepare excursions; the University and institution staffs 
can use it for information for visitors. 

Photos of many of the buildings illustrate the booklet. It can be had on application 
to Dr. H. DE HAAN, Institute of Agricultural Plant Breeding, Nude 66, Wageningen. 


SÁNCHEZ — MONGE, Enrique, Fitogenética (Mejora de Plantas). Salvat Editores, 
S.A. Barcelona-Madrid. 1955, 511 pp., 91 figs. 


In het algemeen gedeelte (blz. 1-180) worden o.a. hoofdstukken gewijd aan het 
kweken op resistentie tegen adverse uitwendige omstandigheden en tegen ziekten en 
plagen. Het hoofdstuk over kwalitatieve veredeling beperkt zich tot een bespreking 
van de laboratoriummethoden om de kwaliteitskenmerken vast te stellen. Aan het 
kweken van polyploiden is een uitvoerig en goed gedocumenteerd hoofdstuk gewijd, 
evenals aan het opwekken van mutaties. De instandhouding en productie van voort- 
kwekingsmateriaal worden zeer summier behandeld. 

In het 2e gedeelte zijn aan vele land- en tuinbouwgewassen afzonderlijke hoofd- 
stukken gewijd (o.a. tarwe, gerst, haver, rogge, rijst, maïs, aardappel, katoen, tabak, 
vlas, bruine boon, erwt, lucerne, klavers, tomaat, kool, ui, komkommer, biet, appel, 
peer, perzik en abrikoos). 

Het hoofdstuk maïs is geschreven door M. A. BusQueTs, het hoofdstuk aardappelen 
door A. Z. LIZARDUY. 

Vele illustraties sieren dit handboek. Elk hoofdstuk is voorzien van een uitvoerige 
literatuurlijst. 


ZIMMERMAN, K., Technik des Versuchswesens und der Pflanzenzüchtung. S. Hirzel 
Verlag, Leipzig. 1955, 414 pp. D.M.25 —. 


Dit boek is te beschouwen als de 3e druk van Technik der Pflanzenzüchtung und des 
Versuchswesens (1951). 


218 


REVIEWS OF BOOKS 


‚Im het le gedeelte worden aanleg, onderhoud en oogst der proefvelden behandeld. 
Speciale hoofdstukken zijn gewijd aan veredelingsttechniek en bewerking der gegevens. 
In het eerste gedeelte zijn reeds vele tabellen opgenomen, terwijl het 2e gedeelte 
(p. 137-414) bijna geheel bestaat uit modellen, waaruit men een keuze kan doen bij de 
bewerking. Door deze standaardmodellen wordt de bewerking vergemakkelijkt. 


HOGEN Escn, J. A., NiDAM, F. E. and SIEBENEICK, H., Dutch Potato Atlas. Veen- 
man & Zonen, Wageningen. 1955. Sh 69/— or U.S. $ 9.50. 


In this Atlas have been recorded all the characteristics of each variety which research 
and practical experience have shown to be important. The careful arrangement of the 
descriptions enables the reader to find at a glance just those points that interest him 
most. Reproductions, in true-to-life colours (water colours by Miss A. KOORNNEEF 
and Miss B. MARXMEIER), of the tuber, the leaf, the flower, and the sprout, printed 
next to the descriptions, will be found of very great assistance. 

With the exception of some less important older varieties and a few varieties only 
recently introduced, the 46 varieties, described and illustrated in the Potato Atlas, 
include all those of which Dutch-grown seed is available. 

It is proposed to issue each year supplements covering new introductions appearing 
in the Netherlands Descriptive List of Varieties of Field Crops. 

The Atlas is produced in loose-leaf form in a good-quality binder, so that supple- 
mentary pages can be inserted in the appropriate place as they are issued. 

The Dutch Potato Atlas is published also in Dutch (f 32,50 or Belg. Fr. 490—), 
French (Fes fr. 3400 —) and German (DM.-W 40,50). 

The whole appearance of the book is worthy of the subject matter. 


HAYES, H. K.; IMMER, F. R. and Smrrn, D. C., Methods of plant breeding. 
MeGraw-Hill Book Company, New York-London-Toronto. 1955, 551 pp, 64 Figs. 
Price 64/— 


De le druk van „Methods on plant Breeding” verscheen in 1942. De herdruk werd 
mede voorbereid door Dr F. R. IMMER, die echter in 1946 overleed. 

Wederom is de nadruk gelegd op de methoden bij de plantenveredeling, waarbij 
vooral melding is gemaakt van gegevens uit de Amerikaanse literatuur en de resul- 
taten van Amerikaanse kwekers. 

In deze 2e druk zijn verschillende vraagstukken uitvoeriger behandeld, o.a. genen- 
centra, heterosis en resistentie tegen insecten, terwijl ook de hoofdstukken over de 
veredeling van speciale gewassen zijn uitgebreid o.a. katoenveredeling, veredeling van 
groenvoedergewassen, veredeling van suikerriet. 

Van de 24 hoofdstukken zijn de laatste 6 gewijd aan onderwerpen op het gebied van 
proefveldtechniek en statistische bewerking van de gegevens. 

Onderzoekers, kwekers en studenten vinden in dit handboek overzichten van tal van 
methoden en zullen door de vermelding van de literatuur de weg vinden naar de 
bronnen. 

Het geheel ziet er verzorgd uit. 
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NOTES 
A EUROPEAN ASSOCIATION FOR RESEARCH ON PLANT BREEDING 


Plant breeding has developed into a more and more independent branch of science. It has its own 
problems and often it has to look for special methods to obtain good results. 

Several persons have formulated the idea that it would be a great advantage to promote closer 
co-operation between the various countries and the exchange of ideas, experience and material. 

A Preparatory Committee discussed this subject in two meetings (held on 16-17 February and 
6-7 April at Wageningen) and concluded that it is both desirable and possible to establish a 
European Association for Research on Plant Breeding. 

The aim has been formulated as follows: “The Association aims at promoting the scientific and 
technical co-operation in the field of plant breeding in order to contribute to the progress of the 
agricultural production. All activities with regard to private economical interests are eliminated’. 

The Constituent Assembly was held on the 2nd, 3rd and 4th of July 1956 at Wageningen. This 
meeting was attended by 91 representatives from 13 European countries and combined with the 
first Congress. 

The Assembly elected Pror. DR. J. C. Dorsr (Wageningen, The Netherlands) as President for the 
time of three years, while PROF. DR. W. RuDorr (Köln/Vogelsang, Germany) and DR. J. BUSTARRET 
(Paris, France) were nominated as the first and the second vice-president of the Association. 

IR. J. J. DE JoNG (Wageningen), Secr. of the Netherlands Association for the Improvement and the 
Supply of Propagating Material of Field Crops, was the secretary of the above-mentioned meetings. 

In the next number we hope to give details of the Constituent Assembly and about the Congress. 
of this new European Association for Research on Plant Breeding. 


ERRATUM 


In the article of L. SMEETS and L. M. WASSENAAR (Euphytica 5, 1956, 51-54) the photographs of 
Fig. la and 1b have been interchanged; the captions are in the correct position. 
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THE COMMONWEALTH BUREAU OF PLANT 
BREEDING AND GENETICS 


SCHOOL OF,AGRICULTURE, CAMBRIDGE, ENGLAND 


PLANT BREEDING ABSTRACTS is a quarterly journal containing abstracts of 
current literature throughout the world. All publications having a direct or indirect bearing 
on the breeding of economic plants are mentioned, the fields covered including genetics, 
cytology, evolution, practical improvement by selection and by more modern methods such 
as induced mutation and polyploidy, the use of hybrid vigour in raising yields, and the 
application of interspecific crosses to utilize the valuable genes of wild. and indigenous 
floras. Not only the commoner crop plants are considered but also vegetables, temperate 
and tropical industrial plants and fruits, and even forest trees and microorganisms. A 
special feature of Plant Breeding Abstracts is that works published in the more unfamiliar 
languages are abstracted extensively, including those written in other scripts such as 
Russian, Japanese, Chinese and Arabic. The last volume contained abstracts, in English, 
of articles written in 33 different languages. There are also sections devoted to notices of 
new books and periodicals. 


Plant Breeding Abstracts is produced and edited by the Commonwealth Bureau of Plant 
Breeding and Genetics, School of Agriculture, Cambridge, England, on behalf of the 
Commonwealth Agricultural Bureaux, Farnham House, Farnham Royal, Nr. Slough, 
Bucks. Subscription rates are 60s. per volume (with subject index), less 20% to sub- 
scribers in the British Commonwealth (other than recognized booksellers) who send their 
subscriptions direct. Orders may be placed through booksellers or sent to: COMMON- 
WEALTH AGRICULTURAL BUREAUX, CENTRAL SALES BRANCH, Farnham 
House, Farnham Royal, Nr. Slough, Bucks, England. 


Netherlands Journal of Agricultural Science 


Quarterly Journal edited by: 
NEDERLANDS GENOOTSCHAP VOOR LANDBOUWWETENSCHAP 


Some papers published in Volume (1954) and III (1955) or forthcoming in Volume IV (1956): 


Tile drainage in the Netherlands. 

Evapotranspiration. 

Examination of soils and crops after the inundation of Ist February 1953. 
Agricultural population pressure in Europe. 

Significance of some characteristics of egg production in breeding utility breeds 
of poultry. 

Influence of calcium and other elements on the fructification of the peanut. 
The organisation of native agricultural settlements in the Belgian Congo. 
Informal Meeting on Physics in Agriculture, Wageningen, 1955. 


Annual subscription price: 16 Dutch guilders (£ 1.10 or $ 4.25). 


The journal is issued four times a year in annual volumes of about 300 pages. 


All inquiries regarding the journal and requests for specimen copies should be addressed to: 
Dr J. ADOLPHINA FRAHM, Postbox 27, Wageningen, Holland 
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